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Description 

Field of the Invention 

s This patent application relates to supports having aziactone-fu notional surfaces, adduct supports prepared from 

such aziactone-f unctional supports, and methods of preparing both. 

Background of the Invention 

10 Aziactone-functional polymeric supports have been prepared according to the methods disclosed in European 

Patent Publication 0 392 783 (Coleman et al.) and in European Patent Publication 0 392 735 (Heilmann et al.). In both 
of these publications, examples show methods of preparation which Involve the homopolymerization or copolymeriza- 
tion of aziactone-functionat polymers to become the polymeric support. 

Aziactone-functional moieties are expensive and valuable. Preparation techniques which cause azlactone-func- 

15 tional moieties to be occluded from accessible use needlessly wastes the valuable aziactone functionality 

Also, there is a desire to place aziactone-functionality only at surfaces of a support where chemical or physical 
interaction with other materials, particularly biologically active materials can occur Process IV described in European 
Patent Publication 0 392 735 discloses a method for coating aziactone-containing polymer at surfaces of substrates. 
Also, European Patent Publication 0 392 735 within the disclosure of Process IV and in Example 22 thereof identifies 

20 a desire to employ aziactone-containing monomers in the coating process to polymerize the monomer(s) in place. 

There are a myriad of supports which have specific geometries useful for physical interaction with materials, par- 
ticularly biologically active materials. These supports have specific physical and chemical characteristics: porosity, 
surface area, permeability solvent resistance, hydrophilicity, flexibility, mechanical integrity andother stability or feature 
in the use environment, which must be retained for a pre-existing support to remain useful. For example, a microporous 

25 membrane will not remain useful as a filter if its porosity is harmfully compromised by the addition of an aziactone- 
functional moiety to its surfaces. 

fvlonomeric 2-aIkenyl-1,3-oxazolin-5-ones (which compounds and homologs thereof are referred to herein as 
2-alkenyl aziactones) and copolymers thereof are known. Copolymers of 2-alkenyl aziactones and olefin ically unsatu- 
rated monomers and coatings thereof are disclosed in U.S. Pat. No. 3,583,950 (Koltinsky et al.). Also, copolymers 

^o consisting essentially of a 2-alkenyl aziactone and an acrylic acid ester, and copolymerization thereof with vinylidene 
compounds having at least one hydroxyl group are disclosed in U.S. Pat. Nos. 3,488,327 and 3,598,790 (both to 
Kollinsky et al.). U.S. Pat. No. 4,695,608 (Engler et al.) discloses a bulk polymerization process for free radical polym- 
erization of a vinyl monomer and a monomeric alkenyl aziactone or a macromolecular monomer with a molecular 
weight of less than about 30,000 in a wiped surface reactor such as a twin-screw extruder. Free radical initiator systems 

35 comprising a combination of reagents are useful in the process. Incorporation of alkenyl aziactones into acrylate pres- 
sure-sensitive adhesives improves the adhesives. Also disclosed in this patent are methods of preparation of 2-alkenyl 
aziactone monomers. 

Summan/ of the Invention 

40 

This invention provides aziactone-functional surfaces on a pre-existing support and methods of preparing such 
surfaces in a manner which retains useful physical and chemical characteristics of the pre-existing support. This in- 
vention also provides an adduct support prepared from such aziactone-functional support and methods of preparing 
such adduct supports. 

45 The invention provides a chemically reactive support comprising a porous preexisting support having outer and 

interior surfaces and aziactone-functional moieties contacting only the outer and interior surfaces and modifying only 
reactivity of such surfaces while retaining useful porosity of the pre-existing support ; 

wherein said contacting is selected from the group consisting of chemically grafting the aziactone-functional 
moieties to the surfaces, crosslinking the aziactone-functional moieties in a coating over the surfaces, and forming 

50 crosslinked particles of the aziactone-functional moieties in contact with the surfaces. 

The invention also provides a method of preparing an aziactone-functional support, as defined above, comprising 
the steps of (a) exposing outer and interior surfaces of a porous pre-existing support with high energy radiation to 
generate free radical reaction sites only on the surfaces and (b) causing aziactone-functional moieties to react with 
the free radical reaction sites to modify chemical reactivity of the pre-existing support. 

55 The invention also provides a method of preparing an aziactone-functional support, as defined above, comprising 

(a) covering outer and interior surfaces of a porous pre-existing support with aziactone-functional monomers, crosslink- 
ing monomers, and optionally co-monomers, (b) copolymerizing the monomers to form crosslinked, polymerized, aziac- 
tone-functional moieties only at surfaces of the pre-existing support to modify chemical reactivity of the pre-existing 
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support. 

The invention also provides an adduct support, comprising a porous chemically reactive support as defined above, 
having aziactone-functionality only at outer and Interior surfaces of the support and a ligand comprising a nucleophilic 
reagent reacted with the aziactone-functionality. 
5 A feature of the present invention is that methods of preparing the aziactone-functional modified surfaces do not 

compromise useful porosity of the pre-existing support. 

Another feature of the present invention is that aziactone-functional moieties are present only at the outer and 
interior surfaces of the pre-existing support, making efficient use of valuable aziactone-functionality. 

Aziactone-functional modified surfaces of a pre-existing support are useful in surface-mediated or catalyzed re- 
actions for synthesis or sire-specific separations. Nonlimittng examples of such uses include affinity separation of 
biomolecules from culture media, diagnostic supports, and enzyme membrane reactors. Aziactone-functional modified 
surfaces are capable of covalently binding aziactone-reactive, nucleophilic groups, such as Protein A, which is a bio- 
logically active material which reversibly binds to an antibody, such as Immunoglobulin G. 

One method of the present invention involves the irradiation of surfaces of a pre-existing support with high-energy 
>5 radiation to prepare free radical reaction sites on such surfaces upon which azlactone^unctional moieties can be formed 
by homopolymerlzation, copolymerization, or grafted reaction with free radically reactive aziactone-functional moieties. 

Another method of the present invention involves the polymerization or copolymerization of aziactone-functional 
moieties as crosslinked coatings on surfaces of pre-existing supports. 

Another method of the present invention involves the the dispersion polymerization of aziactone-functional moieties 
20 to produce crosslinked aziactone-functional particles within the pores and interstices of a pre-existing porous support. 

"Aziactone" means oxazolinone moieties of Formula I: 



25 



30 



0-C 



wherein and independently can be an alkyi group having 1 to 14 carbon atoms, a cycloalkyl group having 3 to 
14 carbon atoms, an aryl group having 5 to 1 2 ring atoms, an arenyl group having 6 to 26 carbon atoms and 0 to 3 S, 
35 N, and nonperoxidic O heteroatoms, or R^ and R^ taken together with the carbon to which they are joined can form a 
carbocyclic ring containing 4 to 12 ring atoms, and n is an integer 0 or 1. 

"Pre-existing support" means a matrix having surfaces not directly capable of forming covalent chemical bonds 
with nucleophilic reagents, especially biologically active materials. 

"Surfaces' means both outer surfaces of a support and any applicable interior surfaces forming pores and inter- 
ne stices within a porous support. 

"Biologically active material" means a chemical composition having nucleophilic-functional groups and capable of 
reacting in a manner which affects biological processes. 

"High energy radiation" means radiation of a sufficient dosage and energy to cause the formation of free radical 
reaction sites on surfaces of supports. High energy radiation can include electron-beam radiation, gamma radiation, 
^ ultraviolet (uv) radiation, plasma radiation, and corona radiation. 

It is an advantage of the present invention that only surfaces of a pre-existing support are chemically-modified, 
such that precious aziactone-functional moieties are not wasted within the bulk of a matrix of a support being formed 
in the presence of aziactone-functional materials. 

It is another advantage of the present invention that surfaces of a pre-existing support are not physically and 
50 chemically modified in a manner which diminishes beyond usefulness the physical and chemical characteristics for 
which the pre-existing support was originally selected. 

Thus, the present invention retains the benefits of the physical and chemical characteristics of the bulk properties 
of a pre-existing support while adding a chemical modification of aziactone-functionality to surfaces of a support which 
renders a pre-existing support useful in ways an unmodified support could not achieve. 
55 In particular, the presence of aziactone-functionality allows for the covalent attachment, without intermediate chem- 

ical activation of the support, of nucleophilic-functlonal-group-containing materials, especially biologically active ma- 
terials. Attachment of such materials, without intermediate chemical activation of the support, can provide utility as 
adsorbants, catalysts, reagents, complexing agents, or purification supports. 
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Errtbodiments of the Invention 
Pre-existing Supports 

5 Selection of a nnatrix to serve as a support can vary widely within the scope of the invention. The support is porous 

and can be continuous or non -continuous depending on ultinnate desired usage. A support can be made of a variety 
of materials, including supports made of ceramic, glassy, metallic, or polymeric materials or combinations of materials, 
A support can be flexible or inflexible depending on ultimate desired usage. Provision of aziactone-functionality on 
surfaces of such pre-existing supports does not adversely affect the bulk properties of the pre-existing support, other 

10 than providing aziactone-functionality which can react with various nucleophilic reagents without intermediate chemical 
activation. 

Preferred matrices include polymeric supports, such as woven and nonwoven webs (such as fibrous webs), mi- 
croporous fibers, and mlcroporous membranes. 

IS Webs 

Woven and nonwoven webs are useful as supports having either regular or Irregular physical configurations of 
surfaces from which aziactone-functional moieties can extend. Fibrous webs are particularly desired because such 
webs provide large surface areas, with nonwoven fibrous webs being preferred due to ease of manufacture, low material 
20 cost, and allowance for variation in fiber texture and fiber density. A wide variety of fiber diameters, e.g., 0.05 to 50 
micrometers, can be used. Web thickness can be varied widely to fit the application, e.g., 0.2 micrometer to 100 cm 
thick or more. 

Fibrous webs can be prepared by methods known in the art, or by modifications of methods known in the art. 
Nonwoven webs can be prepared by melt -blowing as is known to those skilled in the art and disclosed in, for example, 
25 U.S. Patent No. 3,971 ,373. In general, a molten polymeric material is extruded in such a way as to produce a stream 
of melt blown polymer microfibers. The fibers are collected on a collection screen, with the microfibers forming a web. 

The web optionally can be molded or pressed at a pressure of up to 6,2-1 0^ Pa (90 psi) to provide an article having 
a Gurley number of at least 2 seconds, as described in International Patent Application Serial Number US 92/07659. 
The nonwoven webs can also optionally Include a permeable support fabric laminated to one or both sides of the 
30 web, as described in U.S. Patent No. 4,433,024, or can additionally contain reinforcing fibers as described in U.S. 
Patent Nos. 4,681,801 and 4,868,032. 

The preferred materials useful to prepare nonwoven fibrous webs include polymers and copolymers of monomers 
which form fibrous webs. Suitable polymers include polyalkylenes such as polyethylene and polypropylene, polyvinyl 
chloride, polyamides such as the various nylons, polystyrenes, polyarylsulfones, poly(vinyl alcohol), polybutylene, poly 
35 (ethylene vinyl acetate), polyacrylatee such as polymethyl methacrylate, polycarbonate, cellulosics such as cellulose 
acetate butyrate, polyesters such as poly(ethylene terephthalate), polylmides, and polyurethanes such as polyether 
polyurethanes, and combinations thereof. 

Nonwoven webs can also be prepared from combinations of co-extruded polymers such as polyesters and poly- 
alkylenes. Copolymers of the monomers which provide the above-described polymers are also included within the 
40 scope of the present invention. 

Nonwoven webs can also be combined webs which are an Intimate blend of fine fibers and crimped staple fibers. 

Fibers and Membranes 

^ Pre-existing, polymeric supports can also include microporous membranes, fibers, hollow fibers, or tubes, all of 

which are known in the art. 

The same materials useful for preparing webs are also suitable for preparing fibers and membranes. Preferably 
membranes are composed of homopotymers and copolymers of polyolefins. Nonlimiting examples of such polyolefins 
are polyethylene, polypropylene, polybutylene, and copolymers of ethylene and vinyl acetate. 

50 A preferred technique useful for preparation of microporous thermoplastic polymeric supports is thermally induced 

phase separation which Involves melt blending a thermoplastic polymer with immiscible liquid at a temperature sufficient 
to form a homogeneous mixture, forming an article from the solution into a desired shape, cooling the shaped article 
so as to Induce phase separation of the liquid and the polymer and to ultimately solidify the polymer, and removing at 
least a substantial portion of the liquid leaving a microporous polymer matrix. This method and the preferred compo- 

55 sitions used in the method are described in detail in U.S. Patent Nos. 4,957,943; 4,539,256; and 4,726,989. 

Alternatively, polymeric supports can also be hydrophobic polyolefin membranes prepared by thermally induced 
phase separation techniques, but also having a hydrophilic polymeric shell interlocked about such hydrophobic mem- 
brane surfaces. International Patent Application Serial Number US 91/07686 discloses methods of preparation of such 
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hydrophilized, microporous membranes using poly(viny! alcohol) precursors to form an extremely thin poly(vinyl alco- 
hol) shell about the polyolefin surfaces. 

Alternatively, polymeric supports can be constructed from poly(vinyl alcohol), prepared using poly(vinyl alcohol) 
precursors, to form hydrogel materials, such as disclosed in U.S. Pat. Nos. 4,528,325 and 4,618,649. Alternatively, 
s polymeric supports can be constructed from poty(methyl methacrylate) to form other hydrogel materials. Poty(methyl 
methacrylate) is commercially available and is often used in opthalmic devices such as intraocular lenses, and contact 
lenses. 

Alternatively, polymeric supports can also be prepared by solvent phase inversion polymerization techniques. Such 
techniques are disclosed in U.S. Pat. No. 5,006,247. 

10 

Other Supports 

Ceramic supports, glass supports, and metallic supports are all known in the art and are commercially available 
or can be prepared by a variety of known techniques. 

IS 

Aziactone-functional moieties 

Aziactone-functional moieties can be any monomer, prepolymer, oligomer, or polymer containing or comprising 
aziactone functionality of Formula I above and also comprising a site for free radical reaction. Preferably such reaction 
20 site is a vinylic group on an unsaturated hydrocarbon to which aziactone of Formula I is attached. Such moieties can 
be individual aziactone-containing monomers, oligomers formed with free radical reaction sites and having aziactone- 
functional ity derived from individual aziactone-containing monomers, or polymers having aziactone-functionality, de- 
rived from individual aziactone-containing monomers, and at least one free radical reacting site. 

25 Aziactone-containing Monomers 

Preferably, aziactone-functionality is provided by 2-alkenyl aziactone monomers. The 2-alkenyl aziactone mono- 
mers that can be grafted to or polymerized on surfaces of pre-existing supports are known compounds, their synthesis 
being described for example in U.S. Pat. No. 4,304,705; 5,081,197; and 5,091,489 (all Heilmann et al.). 
30 Suitable 2-alkenyl aziactones include: 

2-ethenyl-1 ,3-oxazolin-5-one, 

2-ethenyl-4-methyl-1,3-oxazolin-5-one, 

2-isopropenyl-1,3-oxazolin-5-one, 
55 2-isopropenyl-4-methyl-1 ,3-oxazolin-5-one, 

2-ethenyl-4,4-dimethy 1-1 , 3-oxazolin-5-one, 

2-isopropenyl-4,4-dlmethyl-1 , 3-oxazolin-5-one, 

2-ethenyl-4-methyl-4-ethyl-1,3-oxazolin-5-one, 

2-isopropenyl-4-methyl-4-butyl-1,3-oxa20lin-5-one, 
40 2-ethenyl-4,4-dibutyl-1 ,3-oxazolin-5-one, 

2-isopropenyl-4-methyl-4-dodecyl-1,3-oxazolin-5-one, 

2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-one, 

2-isopropenyl-4,4-pentamethylene-1,3-oxazolin-5-one, 

2-lsopropenyl-4,4-tetramethylene-1 , 3-oxazolin-5-one, 
45 2-ethenyl-4.4-diethyl-1 ,3-oxazolin-5-one, 

2-ethenyl-4-methyl-4-nonyl-1,3-oxazolin-5-one, 

2-isopropenyl-4-methyl-4-phenyl-1,3-oxazolin-5-one, 

2-isopropenyl-4-methyl-4-benzyl-1 ,3-oxazoltn-5-one, and 

2-ethenyl-4,4-pentamethylene-1,3-oxazolin-5-one, 

50 

The preferred 2-alkenyl aziactones include 2-ethenyl-4,4-dimethyl-1 ,3-oxazolin-5-one (referred to herein as VDM) 
and 2-isopropenyl-4,4-dimethyl-1,3-oxazolin-5-one (referred to herein as IDf^). 

If a copolymer is to be formed, a co-monomer having similar or different chemical or physical properties can be 
included, depending on the desired characteristics for the graft or coating. Nonlimiting examples of connonomers useful 
55 to be copolymerized with aziactone-functional moieties to form grafts or coatings include hydroxyethyl methacrylate 
(HEf^^A), vinyl acetate, or any of vinyl aromatic monomers; alpha, beta-unsatu rated carboxylic acids or their derivatives 
or vinyl esters; vinyl alkyi ethers; olefins; N-vinyl compounds; vinyl ketones; or vinyl aldehydes. Nonlimiting examples 
of such co-monomers are disclosed in European Patent Publication 0 392 735. 
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Preferably, HEMA is used as a co-monomer in order to impart hydrophilicity to the azlactone-functional surface, 
in order to facilitate coupling of hydrophilic nucleophilic reagents to form adduct supports. 

Such azlactone-functional monomers can be combined for copolymerizing with non^azlactone-functional mono- 
mers in any combination of weight percentages to control the reaction results. 
s For example, using a co-monomer of similar reactivity ratio to that of VDM will result in a random copolymer chain 

grafted to the free radical reaction site of the support. 

Determination of reactivity ratios for copolymerization are disclosed in Odian, Principles of Polymerization. 2nd 
Ed., John Wiiey & Sons. p. 425-430 (1981). 

Altemativety, use of a co-monomer having a higher reactivity to that of VDM will result in a block copolymer chain 
10 grafted to the reaction site, with little or no azlactone-functional moieties near the reactive surface but considerable 
aziactone-functlonality near the terminus of the chain. This construction places aziactone-functionality away from sur- 
faces of the support (where steric hindrance might prevent the coupling of the aziactone-reactive nucleophilic reagent), 
but covalently bonded thereto for considerable reactivity with nucleophilic reagents. Oligomers and Polvmers 

Although not as preferred as monomers, azlactone-functional prepolymers or oligomers and polymers or copoly- 
?5 mers having at least one free-radically polymerizable site can also be utilized for providing aziactone-functionality on 
surfaces of a pre-existing support. 

Azlactone-functional oligomers and polymers for example, are prepared by free radical polymerization of aziactone 
monomers, optionally with co-monomers as described in U.S. Pat. Nos. 4,378,411 and 4,695,608. Polymers having 
azlactone-functional side chains can be prepared by reactive extrusion grafting of aziactone monomers to non-azlac- 
20 tone-containing polymers, using such techniques as disclosed In European Patent Publication 0 392 783 (Coleman et 
al.). 

Nonlimiting examples of azlactone-functional oligomers and prepolymers are disclosed In U.S. Pat. Nos. 4,485,236 
and 5,081,197, and European Patent Publication 0 392 735. 

In order to be useful In the present invention, these azlactone-functional polymers and prepolymers must be mod- 
25 jfied so as to also comprise at least one free-radically polymerizable site. This is readily accomplished by reacting a 
portion of the azlactone-functional groups with an ethylenically unsaturated nucleophilic compound, such as those 
compounds disclosed in U.S. Pat. No. 4,378,411 identified above, thereby producing a polymer or prepolymer having 
both aziactone-functionality and free-radically reactive functionality The ratio of aziactone moieties to unsaturated 
moieties can vary from 99:1 to 1:99, although it is preferable for the aziactone moiety content in the polymer or pre- 
30 polymer to be at least fifty percent (50%). 

Method of Providing Aziactone-Functional Surfaces on Pre-existing Supports 

In general, processes for providing the azlactone-functional supports of the present invention involve exposing a 
55 pre-existing support, especially a pre-existing, polymeric support, to high energy radiation and to free-radically polym- 
erizable azlactone-functional moieties. Exposure of a support to an azlactone-functional moiety can take place either 
simultaneously with or subsequent to the irradiation of the support. Depending on the the type of radiation and other 
process conditions, the azlactone-functional polymer which is produced can be either grafted to the surface of the pre- 
existing support or can be formed as a coating on the support or can become particles enmeshed within void spaces 
40 of the support. In the former instance, the azlactone-functional moiety becomes covalently linked to the support, where- 
as in the latter two instances, it does not. Regardless, the pre-existing support is transformed into being capable of 
forming chemical bonds with nucleophilic reagents, especially biologically active materials. 

Methods of Irradiation 

45 

Pre-existing supports are subjected to radiation from a high-energy source to form free radical sites on or near 
surfaces of such supports. In the case of nonpolymeric supports, no free radical sites are formed on surfaces. However, 
during plasma or corona treatment, free radical sites are formed from the monomer molecules adsorbed onto the 
nonpolymeric support surfaces. High energy radiation can be classified for the purposes of the present invention as 

50 either penetrating ornon-penetrating. Penetrating radiation is utilized when one wants to provide aziactone-functionality 
to both the interior and exterior surfaces of a pre-existing support, whereas non-penetrating radiation is useful to provide 
aziactone-functionality only to the outer surfaces of the pre-existing support. 

Nonlimiting examples of penetrating radiation include beta, gamma, electron -beam, x-ray, uv and other electro- 
magnetic radiation, whereas non-penetrating radiation includes alpha, plasma, and corona radiation. In some instanc- 

55 es, corona radiation can be become penetrating irradiation. 
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Penetrating Irradiation 

Many torms of penetrating radiation are of sufficiently high energy, that when absorbed by a pre-existing support, 
sufficient energy is transferred to that support to result in the cleavage of chemical bonds in that support. Homolytic 

5 chemical bond cleavage results in the formation of a free radical site on the support. Thus, this type of radiation is 
useful when it is desired to covalently link the aziactone-functional moieties, via a free radical grafting reaction, to the 
surfaces of a pre-existing support. Electron beam and gamma radiation are preferred for this method of grafting due 
to the ready-availability of commercial sources. 

It should be noted that, although penetrating radiation also generates free radical sites within the bulk of many 

10 supports, these sites are generally not as available for reactions with a2lactone-containing moieties because such 
moieties are less likely to diffuse into the bulk of a support than react at an outer surface of that support. Thus, even 
with penetrating radiation to generate reaction sites, aziactone-functionality is usually found principally at outer surfaces 
of a support. 

Sources of electron-beam radiation are commercially available, including an Energy Sciences Inc. Model CB-150 
IS Electrocurtain Electron Beam Processor Sources of uv radiation are high and medium pressure mercury lamps, deu- 
terium lamps, and 'blacklights" emitting 180 nm to 400 nm (with preferred maximum intensity at about 360 nm) light, 
which are commercially available from a number of vendors, including General Electric Company and GTE Sylvania. 
Sources of gamma irradiation are commercially available from Atomic Energy of Canada, Inc. using a cobalt-60 high- 
energy source. 

20 High energy radiation dosages are measured in megarads (Mrad) or kilograys (kGy), which is 1/10 of a mRad. 

Doses can be administered In a single dose of the desired level or in multiple doses which accumulate to the desired 
level. Dosages can range cumulatively from about 10 kGys to about 200 kGys and preferably from about 30 kGys to 
about 100 kGys. Preferably, the cumulative dosage exceeds 30 kGys (3 Mrads). 

Supports can be Irradiated in a package or container where the temperature, atmosphere, and other reaction 
25 parameters can be controlled. 

Temperature can be ambient temperature. 

The atmosphere can be air or preferably an inert atmosphere such as nitrogen. 

The pressure in the container can be atmospheric, elevated or depressed to a partial or complete vacuum. Pref- 
erably it is atmospheric. 

30 Depending upon the control of the irradiation conditions, supports can be irradiated in a batch or continuous proc- 

ess. 

After irradiation and prior to contact with the aziactone-functional moiety, the atmosphere around the surfaces 
should be kept free of free-radically reactive substances, especially O2. 

After the first step where irradiation forms free radical reaction sites, the second step provides aziactone-functional 
35 moieties to react with such sites under suitable free radical reaction conditions. 

Generally, irradiation can take place in the presence or absence of the aziactone-functional moieties. When con- 
ducted in the presence of aziactone-functbnal moieties, ungrafted free-radical (co)polymerization can occur in addition 
to grafting polymerization. As a consequence, it can be preferred to irradiate a pre-existing support in the absence of 
aziactone-functional moieties followed by contacting the irradiated support with aziactone-functional moieties to initiate 
40 the desired free radical grafting reaction. This may be accomplished by immersing the support in, coating the support 
with, or spraying the support with vapors, dispersions, or solutions containing aziactone-functional moieties. Alterna- 
tively, production of water-soluble aziactone-functional polymers can be minimized during irradiation in the presence 
of aziactone-functional moieties by incorporation of a multifunctional cross-linking monomer. 

Another method of radiation-induced grafting involves irradiation of a polymer film with ionizing radiation in the 
^ presence of ambient oxygen to generate hydroperoxide functionality on the surface. The peroxides are then used to 
initiate graft -polymerization of olefinic monomers by thermally induced free radical polymerization, according to tech- 
niques disclosed in Gupta et al.. Eur. Polym. J.. 25 (11), 1137 et seq. (1989). Alternatively, hydroperoxide species can 
be used to initiate graft polymerization, according to techniques disclosed in Yamauchi et al., J. Appl. Polym. Sci.. 43, 
1197et seq. (1991). 

50 Ultraviolet radiation, which is a penetrating radiation for purposes of the present invention, is different from other 

penetrating radiations in that uv radiation does not provide enough energy directly to most supports to produce free 
radical sites. Therefore, uv radiation is generally conducted in the presence of both aziactone-functional moieties and 
photoinitiators, which absorb light in the uv-visible range (250-450 nm) and convert this light energy to chemical energy 
in the form of free radical species. Generation of free radicals by photoinitiators generally occurs by one of two proc- 

55 esses, intramolecular bond cleavage or intermolecular hydrogen abstraction. Suitable photoinitiators are identified in 
Osteretal., "Photopolymerization of Vinyl Monomers" Chem. Rev. . 68, 125 (1968). Nonlimiting examples include acy- 
loins and derivatives thereof; diketones; organic sulfides; S-acyl dithiocarbamates; phenones; sulfonyl hatides; and 
azo compounds. Of these possible photoinitiators, azobis(isobutyronitrile), acy loins, acyloin ethers, and benzil ketals 
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and l-phenyl-2-hydroxy-2-methyl-1-propanone (commercially available as Darocure™ 11 73 brand photoinitiator from 
E Merck) are preferred. 

The manner in which the azlactone -functional surface is imparted to the pre-existing support can be influenced by 
the choice of photoinitiator. Whereas most photoinitiators will promote free radical (co)polymeri2ation of azlactone- 
5 functional moieties to produce coatings, those initiators which are prone to abstraction reactions, particularly phenones, 
result in simultaneous grafting to the pre-existing support. It is preferred to utilize Crosslin king comonomers with uv 
irradiation to minimize the production of soluble polymer 

A support can be immersed in. sprayed with, dipped into, or otherwise contacted with a mixture, dispersion or 
solution of aziactone-containing monomers, photoinitiator, and optionally a cross linking monomer and/or non-azlac- 
10 tone-containing co-monomer(s). Then, the coated support is exposed to uv radiation to cure the monomers, thus re- 
sulting in the formation of aziactone-f unctional copolymer as a continuous or discontinuous coating on surfaces of the 
support. 

After rinsing to remove unreacted monomers and drying, an aziactone-functional support is available for nucle- 
ophilic reaction. 

15 Non limiting examples of crosslinking monomers for these aziactone-functional coatings include ethylene glycol 

dimethylacrylate (EG DMA), trimethylolpropane trimethacrylate (TMPTMA), methylenebisacrylamide (MBA), and dlvi- 
nylbenzene. 

Nonlimiting examples of co-monomers include hydroxyethyl methacrylate (HE MA), butyl aery late (BA), isooctyl 
acrylate (lOA), butyl methacrylate (BMA), and isobutyl methacrylate (IBMA). 
20 In some instances, the aziactone-functional copolymer is deposited as small particles or aggregates of small par- 

ticles contacting the surfaces or otherwise within the porous structure of the pre-existing support. Coating and uv 
photopolymerization can occur in ambient conditions. 

Temperature can be about -78^*0-1 00° C and preferably is ambient. 

Atmospheric conditions need to be inert using non-oxygen gases and preferably is nitrogen or a noble gas such 
25 as argon. Alternatively, a web coated with the desired monomer solution can be placed between two oxygen -occluding 
sheets that are transparent to the desired type of radiation. 

Since free radical reactions occur quickly, the contact time of the irradiated support with the aziactone-functional 
moiety ranges from momentary to less than 30 min., depending on radiation intensity. Reaction times as short as a 
few seconds are often enough to provide completed reaction. 

30 

Non-Penetrating Irradiation 

Plasma and corona radiation differ from penetrating irradiation techniques because only the outer surtaces of a 
pre-existing support are subjected to treatment with vaporous, excited aziactone-functional moieties. This method of 
35 irradiation grafting only requires one step. 

Electrical energy in the form of plasma discharge (also known as glow discharge) or corona discharge activates 
the aziactone-functional moieties in the vapor state for contact with the outermost surfaces of the support. The outer- 
most surfaces can include adsorbed monomer molecules. Without being bound to a particular theory, it is believed that 
the excited aziactone-functional moieties react with surface free radical sites leading to the deposition of a thin film or 
40 network coating the support. 

Even though ethylenically unsaturated monomers are not required for non-penetrating radiation methods, prefer- 
ably, suitable aziactone-functional moieties are monomeric and covalently react with free radical sites on the supports. 

As with penetrating irradiation techniques, one can control the nature of the aziactone-functionality formed by 
employing various amounts of aziactone-functional moieties and non-azlactone-f unctional moieties and by introducing 
^ such amounts into the reaction vessel at different times. 

For example, one can form a corona-treated support having a cross! inked coating or network of VDM and HEMA 
covalently bound thereto. Alternatively, one can form a plasma-treated support having layers of deposited HEMA and 
VDM extending from the support. 

Alternatively, one can treat regiospecific surfaces of a pre-existing support. By preventing certain portions of sur- 
50 faces from being subjected to corona or plasma discharge treatment, one can produce supports having specific regions 
of aziactone-functionality. 

Alternatively, one can treat regiospecific surfaces sequentially with different aziactone-functional moieties to pro- 
duce a complex surface of a support for multiple or differentiating nucleophilic reactions. 

Sources of plasma discharge energy operate typically at DC, AC, high, radio, or microwave frequencies. Such 
55 sources are commercially available from a number of vendors including ENI Power Systems, Inc. The excitation fre- 
quency is typically 0-2.5 GHz, preferably 25-125 kHz. The power density at the support's surface is typically IXIO'^- 
0.4 W/cm^ where the normalization is based on the projected area of the support (as opposed to its actual surface 
area, if porous). Preferably, the power density is 0.01-0.05 W/cm^. The gas/vapor composition comprises azlactone- 
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functional moieties, either pure or mixed with other organic or inorganic vapors or gases. Nonlimiting examples of such 
vapors or gases include He, Ar, NO2, CO, and CO2; alkanes, alkenes, alkynes; functionalized alkanes, alkenes, and 
alkynes; acrylates, methacrylates; and other comonomer candidates identified above with respect to copotymerization 
of aziactone-functional moieties. 

5 Sources of corona discharge energy are available commercially from a number of vendors, including ENI Power 

Systems, Inc. The excitation frequency is typically 5-100 kHz, preferably 10-50 kHz. The pressure is typically 0.5-5 
atmospheres, preferably at or near 1 atmosphere. 

The power density is typically 0.5-6 W/cm^, preferably 1 -3 W/cm^, when applying the same normalization of surface 
area as described with respect to plasma discharge above. 

10 The amount of deposition of aziactone-functional moieties can be controlled by the amount of time exposed to 

discharge. The amount of time using the above power densities can range from 0.05 sees to several hours, and pref- 
erably from about 1 second to about 5 minutes. 

The gas/vapor composition comprises aziactone-functional moieties mixed with other organic or inorganic gases 
or vapors, from among the candidates described above with respect to plasma discharge. Preferably the azlactone- 

'5 functional moieties have a partial pressure of 1 -1 00 mTorr. 

It has recently been published in European Patent Publication 0 467 639 (1 991 ) that a process believed to involve 
corona discharge can effectively achieve penetrating irradiation effect on nonwoven material using a Helium atmos- 
phere and dielectric protection over both electrodes of the corona discharge apparatus. With this technique, one can 
employ corona discharge of aziactone-functional moieties to render interior surfaces of a porous support azlactone- 

20 functional. Power densities and time of discharge described above for non-penetrating irradiation need not change. 

Adduct Supports and Usefulness of the Invention 

Because aziactone-functional moieties occupying a surface of a pre-existing support are capable of multiple chem- 

2S ical reactions, aziactone-functional modified surfaces of the present invention can form adduct supports. 

Once covalently bonded to or othen/vise coating a surface, electrophilic aziactone-functional moieties can react 
through a nucleophilic ring opening reaction at the carbonyl group with any of a myriad of nucleophilic reagents. The 
result is the formation of an adduct support having specific reactivities determined by the nature of the nucleophilic 
reagent employed in the reaction. 

50 Nonlimiting examples of nucleophilic reagents include biologically active materials, acids, bases, chelators, hy- 

drophiles, lipophiles, hydrophobes, zwitterions, detergents, and any other chemical which can react with the azlactone- 
functionality to confer on the surfaces of the pre-existing support a modified reactivity which differs from that which 
existed on the support prior to aziactone-functional ity modification. For example, one can modify a hydrophobic surface 
by reacting on aziactone-functional adduct support with a nucleophilic, hydrophilic moiety. Examples of nucleophilic, 

35 hydrophilic compounds include poly(ethylene oxide) commercially available as Jeffamines from Texaco. Inc. 

Thus, surfaces of a support can become aziactone-functional and then adduct -reactive, without loss of the physical 
and chemical characteristics of such supports such as porosity flux, color, surface area, permeability, solvent resist- 
ance, hydrophilicity, flexibility, mechanical integrity, and other stability or feature in the use environment. Unexpectedly 
pre-existing supports can add all of the benefits of aziactone-functional ity without an effective diminution of the physical 

40 and chemical characteristics of bulk properties of the pre-existing support. 

Ligands and Adduct Supports 

Adduct supports have ligands coupled or otherwise tightly bound to aziactone-functional moieties extending from 
45 surfaces of supports to form biologically or chemically active reaction sites. For direct coupling, nonlimiting examples 
of nucleophilic ligands include primary and secondary amines, alcohols, and mercaptans. Of these, amine-functional 
ligands are especially preferred. 

While not being limited to a particular theory, it is believed that a llgand forms a covalent bond when coupled to 
an aziactone-functional moiety. 
50 Ligands useful for the preparation of adduct supports can also vary widely within the scope of the present invention. 

Preferably, a ligand is chosen based upon the contemplated end use of the adduct support. 

Once ligands are coupled to aziactone-functional grafts or coatings, such ligands are available for biological or 
chemical interaction, such as adsorbing, complexing. catalysis, or reagent end use. 

Adduct supports are useful as adsorbants, complexing agents, catalysts, reagents, as enzyme and other protein- 
55 bearing supports, and as chromatographic articles. 

In a preferred aspect of the present invention, the ligand desired for coupling is a biologically active material having 
azlactone-reactive, nucleophilic-f unctional groups. Nonlimiting examples of biologically active materials are substances 
which are biologically, immunochemically. physiologically, or pharmaceutically active. Examples of biologically active 
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materials include proteins, peptides, potypeptides, antibodies, antigenic substances, enzynnes, cofactors, inhibitors, 
lectins, hormones, receptors, coagulation factors, amino acids, histcnes, vitamins, drugs, cell surface markers, and 
substances which interact with them. 

Of the biologically active materials, proteins, enzymes and antigenic substances are desired for coupling to azlac- 

s tone-functional supports. Nonlimitlng examples of proteins, enzymes, and antigenic substances include natural and 
recombinant Protein A (ProtA), Immunoglobulins such as rat (rIgG), human (hIgG), bovine (bIgG), rabbit (rbIgG), and 
mouse (mIgG), Concanavalln A (Con A), Bovine Serum Albumin (BSA), Thyroglobulin (TG), Apoferritin (Af), Lysozyme 
(Ly), Carbonic Anhydrase (CA), Lipase, Pig Liver Esterase, Penicillin acylase, and Bacterial Antigen (BA). Uses for 
immobilized proteins, enzymes and antigenic substances are disclosed in European Patent Publication 0 392 735. 

^0 A presently preferred biologically active material is ProtA because of Its multitude of uses in bioseparations. 

Alternatively, an adduct support of the present invention can comprise a coupled enzyme to catalyze a chemical 
transformation of substances recognized by the enzyme. Also, a support comprising a coupled antigenic substance 
can be utilized for affinity purification of a corresponding antibody from a complex biological fluid flowing through the 
porous matrix of the adduct support. In other examples, an adduct support having Protein A coupled to internal and 

?5 external surfaces can adsorb biologically active materials such as Immunoglobulin G for affinity separations processes. 
In other examples, an adduct support can be used for immobilization of antibodies or be used for immunodiagnostics 
or for Western blotting. 

Alternatively, the ligand can be a hydrophile for improving compatibility of mammalian body implants, such as 
intraocular lenses, with adjoining tissues. One example of a ligand especially suitable for chemically modifying body 
20 implants is an anticoagulant, such as a chemically -modified heparin, e.g., an amine-terminated heparin. 

Aztactone-f unctional moieties will undergo nucleophllic attack by amines, thiols, and alcohols. Thus, ligands having 
at least one amine, thiol, or alcohol group thereon are candidates for coupling to aziactone-f unctional surfaces. Amine- 
f unctional ligands are preferred due to ease of reaction and stability of the linkage so formed. 

Coupling of ligands to preferred azIactone-f unctional surfaces can use methods of using inorganic or organic poly- 
25 anionic salts in such concentrations as to achieve high broad specific biological activity for the coupled ligand. such 
as methods disclosed in United States Pat. No. 5,200,471 (Coleman et al.). 

Coupling of ligands to preferred azIactone-f unctional surfaces according to the present invention results in adduct 
supports having the formula 




wherein 

R2, and n are as previously defined. is H or CH3, 
40 X can be -0-, -S-, -NH-, or -NR^ wherein R^ can be alkyi or aryl, and 

G is the residue of HXG which performs the adsorbing, complexing, catalyzing, separating, or reagent function of 
the adduct support. 



HXG Is a nucleophllic reagent and can be a biologically active material, dye, catalyst, and reagent. 

Ligands having aziactone-reactive, amine, hydroxy, or thiol nucleophilic functional groups react, either in the pres- 
ence or absence of suitable catalysts, with aziactone-functional groups by nucleophilic addition as depicted in the 
equation. 



50 



55 
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'5 wherein 

R1, R2 R3, n, X, and G are as previously defined. 
Depending on the functional group present in the ligand. catalysts may be required to achieve effective attaching 
reaction rates. Primary amine functional groups require no catalysts. Acid catalysts such as trifluoroacetic acid, 
ethanesulfonic acid, and toluenesulfonic acid are effective with hydroxy and secondary amine functional groups. 

20 [n other aspects of the invention, the Itgand is not biologically active but has other properties which lead to its end 

use. For example, the ligand can contain ionic functional groups. In that event, the resultant adduct article may be 
utilized in ion exchange type applications. Suitable ionic groups include carboxylic acid, sulfonic acid, phosphonic acid, 
tertiary amine, and quaternary amine groups. Examples of useful ionic group containing ligands include amlnocarbox- 
ylic, sulfonic, or phosphonic acids such as glycine, alanine, leucine, valine, p-alanine, y-aminobutyric acid, 1- and 

2S 3-aminop ropy I -phosphonic acid, taurine, y^amino octanoic acid, aminomethylphosphonic acid, and amino-methanesul- 
fonic acid; hydroxy-acids such as isethionic acid, 3-hydroxy-propane sulfonic acid, lactic acid, glycolic acid, hy- 
droxymethylphosphonic acid, and p-hydroxybenzoic acid; and amino- and hydroxy4unctional tertiary and quarternary 
amines such as 2-diethylaminoethyIamine, and 3-dimethyl-aminopropylamine, N,N-diethylethanol-amine, andquater- 
nized versions thereof. When the amine-, hydroxy- or thiol-functional ligand is a simple aliphatic and/or aromatic hy- 

30 drocarbon, the resultant adduct article may be useful in reverse phase or hydrophobic interaction type chromatographic 
processes. Reaction of the support of this invention with very hydrophiltc or hydrophobic ligands can be used to produce 
adduct articles displaying highly absorbant properties towards aqueous or oily fluids, respectively Other types of ligands 
and uses will be obvious to one skilled in the art and are considered to be within the scope of the present invention. 
Objects and advantages of this invention are further illustrated by the following examples, but the particular ma- 

55 terials and amounts thereof recited in these examples, as well as other conditions and details, should not be construed 
to unduly limit this invention. 

Examples 

40 Example 1 - Pre irradiation Electron Beam Grafting of Hydrophobic Polyethylene (PE) Microporous Membrane with 
2-Vinvl 4.4-dimethvlazlactone (VDM) 

A PE microporous membrane, prepared according to the method of Example 23 of U.S. Pat. No. 4,539,256 (Ship- 
man), having a pore size of 0.496 |im, a thickness of 73.9 |im and a void volume of 81 .5%, was passed through an 

45 electron beam (e-beam) chamber within a Model 1 Electrocurtain CB-300/30/380 (manufactured by Energy Sciences, 
Inc., Wilmington, MA) to generate free radicals on the membrane. The accelerating voltage of the e-beam was 150 
KV, with total irradiation dose of 50 kGys (5 Mrads). Membrane samples (7.6 X 12.7 cm) were passed through the e- 
beam equipment taped to a polyester carrier web traveling at 6.1 m/min. 

The samples exited the e-beam chamber directly into a N2 purged box, where they were removed from the carrier 

50 and immersed into a solution of VDM (SNPE, Princeton, NJ) dissolved in ethyl acetate. The inert atmosphere in the 
glove box was Intended to prevent premature quenching of the generated radicals by oxygen. The monomer solutions 
had concentrations of 25, 50, and 100 volume-percent VDM and had been purged with argon for 1 h to displace any 
dissolved oxygen. Irradiated membranes were soaked in the monomer solution for 3 to 5 min. followed by a 5 min. 
soak In pure ethyl acetate to wash out excess monomer. They were dried and placed in zip-lock bags to prevent possible 

55 hydrolysis of the aziactone by atmospheric moisture. 

Fourier-transform infrared spectroscopy (FT-IR) was used to characterize the grafted membranes. The ratio of the 
aziactone carbonyl absorption (1824 cm-1) to the PE C-H band (1462 cm-1) gives a relative measure of the bound 
aziactone. Ratios of 0.023, 1 .78, and 1 .27 were found for the samples reacted with 25, 50, and 1 00% VDM, respectively 
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To confirm that all of the VDM was indeed covalently grafted to the membrane, the samples were extracted by 
three 15 min. soakings in pure ethyl acetate (three replicates of each). Weight loss values were 1.1. 0.7, and 0.0%. 
Since there was a weight gain of at least 10% during the grafting step, it was concluded that 90% or more of the VDM 
was covalently bonded. 

5 

Comparison Example 2 - Mutual Irradiation E-Beam Grafting Onto PE Microporous Membranes 

As a demonstration of the advantage of preirradiation grafting over that of mutual irradiation, the same microporous 
PE membrane as used in Example 1 was saturated with 10% (w/v) VDM/ethyl acetate solution just prior to being passed 

fO through the e-beam chamber for exposure at a dose of about 50 kGy The membrane was rinsed in pure ethyl acetate 
for about 5 min. upon emergence from the e-beam chamber to remove unpolymerized monomer. The azlactone:PE 
ratio by FT-IR was 1.39, indicating that a substantial amount of the VDM was indeed bound to the membrane. The 
membrane weight decreased by 10% following the extended solvent soaking procedure described in Example 1 , indi- 
cating that a significant portion of the VDM was not grafted to the membrane. It is also likely that homopotymers of 

^5 VDM (not bound to the membrane) accounted for much of the VDM which was not readily washed from the membrane 
because of entrapment within the membrane. 

Example 3 - Preirradiation E-beam Grafting of Hydrophilized PE Microporous Membranes 

20 The starting PE microporous membrane from Example 1 was hydrophilized by coating the internal and external 

pore surfaces with a 4% (w/v) solution of poly (vinyl trifluoroacetate) (PVTFA) followed by reaction with ammonia gas 
to convert the PVTFA to a highly crystalline poly(vinyl alcohol), a hydrophilic polymer, using the procedures described 
in Example 7 of coassigned, copending United States Patent Application Ser No. 07/775,969 (Gagnon et al.) published 
as PCT Publication WO 92/07899). Grafting conditions were the same as described in Example 1 except for the addition 

25 of 30 kGy and 1 00 kGy treatments. The FT-IR results are given in Table 1 . 



Table 1 - 



The Effect of Varying the Irradiation Dose and Aziactone Concentration on the Ratio of the /^lactone-to-PE IR 


Signals 








FT-IR Ratio (1824:1462 cm-1) at Various Irradiation Doses (kGys) 


VDM % 


Dose (kGys) 30 


50 


100 


25 




0.38 




50 


1.70 


1.32 


5.06 


100 


1.10 


5.23 


0.96* 



The marked (*) membrane was completely filled with polymer and swelled upon solvent rinse. Upon drying it was 
too thick for accurate IR measurement; thus the ratio is not indicative of the amount of grafted VDM. 

40 A surface area measurement was performed according to the following method: A sample measuring approxi- 

mately 3 cm X 5 cm was placed in a tared sample holder of a Quantasorb BET Surface Area Analyzer (Quantachrome 
Corp.). The sample was degassed by flushing with helium at 50**C for 1 hr. The sample holder was then immersed in 
liquid nitrogen, and a heliunn/Krypton gas mixture was passed through the sample. At this temperature, only the Krypton 
will adsorb onto the surfaces of the sample, thus depleting the Krypton in the gas mixture passed through the sample. 

45 The surface area calculation Is based upon the assumption that the probe gas adsorbs on all available sample surface 
area in a monolayer; thus the amount adsorbed times the adsorbate cross-sectional area is proportional to the specific 
surface area. The depletion of Krypton from the mixture, (i.e., the amount of Krypton adsorbed) is detected with a 
sensitive thermal conductivity detector. Upon rewarming of the sample to room temperature, the adsorbed Krypton is 
released and also quantified. The amount of adsorbed Kryton and the mass of the sample are used to calculate the 

50 spectific surface area/unit mass value. 

The above BET surface area measurement was performed on the unirradiated hydrophilic membrane control and 
on the 50 kGy-100% sample showed that the control value (1 8.6 m^/g) had been reduced by over 50% to 8.1 m^/g by 
the grafting of poly(vlnylaziactone), which is not deemed to be diminished beyond usefulness of the membrane. 
In all instances but one (30 kGy/50%), there was no detectable weight loss following the extended solvent extraction 

55 described in Example 1 . Of the possibilities, the process employing 50 kGy/25% seemed to be the best compromise 
to avoid pore blockage while providing aziactone functionality. 
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Example 4 - Reaction of Aziactone-Grafted Hydrophilic PE Membrane with Ammonia 



Portions of the treated membranes described in Examples 1 and 3, each prepared using 50 kGy and 50% VDM, 
were placed in an ammonia atmosphere in an enclosed glass vessel by suspending them above a concentrated NH4OH 

s solution for 10 min. at ambient temperature. FT-IR (using a Model FTS-40 spectrophotometer, Bio-Rad, Digilab Div., 
Cambridge, MA) measurements of both ammonia-reacted membranes and unreacted control membrane showed that 
the 1824 cm-1 aziactone absorbance band on the ammonia-reacted membranes had nearly entirely disappeared and 
that a new band appeared at 1659 cm-1 which is indicative of an amide bond. This confirmed that virtually all of the 
aziactone is available for reaction. These results show that almost any type of surface chemistry might be prepared 

10 from an aziactone-grafted membrane surface by choosing as a secondary reagent one which has both the desired 
functionality and an amine functionality. 

Example 5 - E -beam -Grafting of Aziactone to Porous Polyethylene Films Increases the Amount of Coupled Protein 

^5 Aziactone-f unctional and ungrafted control membranes were prepared as described in Example 3. Protein solutions 

were radiolabeled using lodo-Beads™ boads (commercially available from Pierce Chem., Rockford, IL) and NaM25 
(Dupont NEN, Billerica, MA) using the procedures described in the product insert. Specific radioactivities obtained 
were: Protein A, (Genzyme, Boston) 2782 cpm/p-g; immunoglobulin G (IgG. Sigma Chem., St. Louis), 2000 cpm/^g; 
and bovine serum albumin (BSA, Sigma), 2885 cpm/^g. 

20 Circular portions (7 mm diameter) of the membrane were cut out using a paper punch. The membrane discs were 

then incubated with radiolabeled protein in 250 \^\ of 25 mM sodium phosphate, 150 mM NaCI. pH 7.5, for 60 min. at 
ambient temperature. Some membranes were reacted with 3.0 M ethanolamine, pH 9.0, for 30 min. prior to the protein 
incubation to "deactivate" the aziactone functionality. Following the protein incubations all membranes were reacted 
an additional 15 min. with 500 ^il of the ethanolamine reagent to inactivate remaining aziactones as well as rinse out 

25 unbound protein. Each membrane was subsequently rinsed an additional three times with 500 ^il of the phosphate 
buffer. After the bound radioactivity was determined using a Model 5230 Auto-Gamma scintillation counter (Packard, 
Downers Grove, IL), the membranes were incubated for 4 h at 37 °C in 500 ^il of 1 .0% sodium dodecylsulfate (SDS) 
solution followed by determination of residual radioactivity. SDS is a strongly denaturing detergent capable of removing 
all but the most tenaciously bound protein. In these experiments, control membranes were completely untreated. Those 

30 and all experiments described in this example were performed in triplicate. 



Table 2 - 



35 



40 



The Binding of Three Proteins to E -beam-Grafted and Control Porous Membranes 


Membrane 


Total Bound Protein (^tg/cm^) 


SDS Resistance (%) 


Coupled Protein (^g/cm^) 


With Protein A 








Untreated 


4.0 


14 


0.55 


Untreated Quenched 


4.2 


11 


0.50 


Grafted 


3.2 


58 


1.86 


Grafted Quenched 


2.7 


21 


0.57 


With Immunoglobulin G 








Untreated 


7.2 


18 


1.24 


Untreated Quenched 


8.9 


11 


0.95 


Grafted 


6.1 


45 


2.74 


Grafted Quenched 


4.8 


27 


1.31 


With Bovine Serum Albumin 








Untreated 


3.4 


18 


0.59 


Untreated Quenched 


3.6 


15 


0.53 


Grafted 


1.7 


68 


1.18 


Grafted Quenched 


1.4 


31 


0.42 



Consistently for all three proteins there was at least a two-fold increase in the amount of coupled protein as a result 
of the e-beam/VDM treatment. This was especially surprising because there is a decrease in total binding. The cause 
of the decrease in total binding was uncertain since this series included no e-beam only or e-beam plus solvent controls; 
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however, it was presumed that the 50% reduction in total surface area (compare with Example 3) is the reason. 

Treatment of the membrane with ethanolamine to inactivate the aziactone functionality reduced the amount of 
coupled protein to about the level of untreated membranes. 

5 Example 6 - The Binding of Radiolabeled Protein to E-Beam Grafted Porous Polyethylene Membrane 

Unless indicated otherwise, alt grafting procedures are identical to the 50 kGy example described in Example 3. 
Membranes were treated as described in Example 5. Protein A specific radioactivity was 1884 cpnn/ng. Membranes 
were incubated overnight (16 h) with continuous rocking and treatment with ethanolamine was Increased to 60 min. 
10 Controls were e-beam-treated only and e-beam-treated plus solvent-treated. 



Table 3 - 



Binding Protein A to E-beam Grafted and Control Porous Membranes 


Membrane 


Total Bound Protein (fig/cm^) 


SDS Resistance (%) 


Coupled Protein (p.g/cm2) 


E-beam 


9.1 


33 


3.0 


E-beam + Solvent 


7.9 


25 


2.0 


E-beam + 50% VDM 


7.0 


56 


3.9 


E-beam + 100% VDM 


7.4 


85 


6.4 



The solvent treatment caused a 1 3% decrease in the amount of protein which bound to an e-beam-treated mem- 
brane, because of the solvent solubilizing some of the hydrophillzing shell of poly(vlnyl alcohol) which is required for 
the membrane to wet. There was no significant effect of aziactone on the total binding (which is probably proportional 
to the total available surface area); however, there was a pronounced effect of aziactone on the quality of the protein 
binding, i.e., a large Increase in the amount of the protein which is so tightly bound.i.e., coupled, that it resists removal 
by SDS. Although it is not precisely accurate to ascribe covalency to the SDS resistant fraction, it is highly probable 
that increases in SDS resistance reflect increases in covalent binding. 

Also, increasing the incubation time for the protein binding step from 1 h (Example 5) to 1 6 h increased the amount 
of the total binding 2.5-fold and the amount of coupling 3.5-fold. Thus, a 1 h incubation did not allow for full, but passive 
diffusion of the protein through the membrane. 

Example 7 - The Effect of VDM Concentration on Protein Binding 

Membranes were irradiated with 50 kGy and treated as described in Example 3 and protein coating procedures 
were Identical to those in Example 6. Protein A specific radioactivity was 1767 cpm/^g. 



Table 4 - 





Effect of VDM Concentration on Protein Binding 


40 


Membrane 


Total Bound Protein 


SDS Resist. (%) 


Coupled Protein (^ig/cm^) 


IR Ratio* 






cm2) 










E-beam 


7.53 


25% 


1.84 


0.0 




E-beam + Solvent 


6.97 


21 


1.47 


0.0 


45 


E-beam + 25% VDM 


6.55 


30 


1.97 


0.168 




E-beam + 50% VDM 


6.19 


36 


2.20 


0.638 




E-beam + 100% VDM 


2.58 


67 


1.73 


0.540 



*Ratio of the absorbance of 1824 cm-1 aziactone l>and to 1462 cm-1 polyethylene band. 



There were two effects of increasing VDM concentrations: 1) A concentration-dependent increase In the percent 
of SDS resistant protein; 2) a concentration-dependent decrease In the total protein binding. These effects combine 
to yield an optimum amount of coupled Protein A at 50% VDM. These opposing effects were consistent with reduced 
access of protein caused by exceedingly long chains of poly(VDM) at high VDM concentrations, blocking protein access 
to the inner membrane surfaces. 
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Example 8 - Retention of Biological Activity ot Membrane-Bound Protein 



It was found that Protein A bound covalently to the porous PE membrane through aziactone retained Its ability to 
bind human IgG. This was accomplished by a two-part experiment: determination of Protein A binding using radiola- 
beled Protein A, and, in parallel, determination of the amount of radiolabeled IgG bound to membrane-bound unlabeled 
Protein A. 

Membranes were prepared as described in Example 3. All binding procedures were identical to Example 5 except 
that incubations with Protein A (whether radiolabeled or not) were for 5.5 h. Radioactivity determinations were made 
on those membranes which had been incubated with radiolabeled Protein A (1590 cpm/|il specific radioactivity). Those 
membranes which had been bound with unlabeled Protein A were incubated an additional 16 h with radiolabeled IgG 
(specific radioactivity: 1500 cpm/|ig). They were rinsed, and IgG binding was determined by isotopic decay followed 
by the SDS step and a repeat of the binding determination. The results from this series of experiments are found in 
Table 5. The control membranes were e-beam- and solvent-treated. 



Table 5 - 



The Binding of IgG to Protein A-Coupled Membrane 




Protein A 


Immunoglobulin G 


Membrane 


Total Protein A Bound 


SDS Resist. (%) 


Total IgG Bound {\ig/ 


SDS Resist. (%) 




(^g/cm2) 




cm^) 


Control 


7.66 


20 


12.1 


2.9 


Control + 25%VDM 


6.84 


31 


10.6 


3.4 


Control + 50%VDM 


5.63 


42 


9.9 


3.5 


Control + 100%VDM 


3.03 


57 


3.8 


4.4 



The higher SDS resistances for the coupling of Protein A to the grafted membrane (compared to the binding of 
IgG to the Protein A-derivatized, grafted membrane) showed that Protein A was bound covalently to the membrane 
and IgG was bound non-covalently to the Protein A. The SDS resistances of 3-4% indicate that the VDM was almost 
completely inactivated. As obsen/ed in previous examples, optimal covalent binding was at 50% VDM. 



Example 9 - The Time-Course for the Binding of Protein A to VDM-Grafted Membranes 

Table 6 summarizes the results of several previous experiments in binding Protein A to grafted PE membranes in 
which length of incubation of the protein with the membrane was varied. Although the experimental conditions were 
not exactly comparable, they showed a trend that protein binding is highest if allowed to proceed overnight (16 h). An 
approximation of overnight binding can be obtained within one workday by incubating for at least 5.5 h. 



Table 6 - 



Time-Dependence of the Binding of Protein A to VDM-Grafted Membrane 


Example 


Time (h) 


Protein A Bound (lig/cm^) 


4 


1 


3.2 


7 


5.5 


5.6 


6 


16 


6.2 


5 


16 


7.0 



These results, obtained from passive diffusion of protein into the membrane, demonstrated a definite time-depend- 
ence. A dramatic acceleration (perhaps a hundred-fold) would occur if protein were drawn into the membrane through 
some active process such as slight pressure differential. 

Example 10 - The Effect of High Salt Concentration on Binding Protein A 

Using the teachings, specifically Examples 1-35 of U.S. Pat. No. 5,200,471 (also published as PCT Publication 
WO 92/07879), it was investigated whether high sulfate concentration could also enhance the binding of protein to 
aziactone which had been E-beam grafted to PE membranes. 

Protein A was incubated with various membranes for 19 h in 25 mM sodium phosphate, pH 7.5, 150 mM NaCI 
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(low salt). In the "high salt" incubation 1 .5 M sodium sulfate was substituted tor the sodium chloride. Controls were e- 
beam- and solvent-treated. 



Table 7 - 



The Effect of Sodium Sulfate on Protein Coupling to Grafted Membranes 




Ratio of "High Salt" to "Low Salt" Binding 


Membrane 


Total Protein Bound (iig/cm^) 


SDS Resist. (%) 


Coupled Protein (^g/cm^) 


Control 


9.5/5.3 


30/20 


2.8/1.0 


Control + 25%VDM 


10.5/5.8 


45/30 


4.8/1.8 


Control + 50% VDM 


9.4/4.9 


55/34 


5.1/1.6 


Control + 1007oVDM 


6.6/2.7 


70/58 


4.6/1.5 



'5 The results are quite consistent with those observed with Protein A on hydrophillc aziactone-f unctionalized porous 

polymeric beads as shown in Examples 1-35 of Application 07/609,436. There was 2.5-3-fold increase in the amount 
of coupled protein, a 75-150% increase in total binding, and an increase in SDS resistance of 20-50%. Additionally 
these experiments confirmed conclusions drawn in earlier experiments: optimal VDM concentration is less than 100% 
and perhaps about 50%; the percentage of the binding which is SDS resistant continued to increase in proportion to 

20 the percentage of az lactone. 



Example 11 - Aziactone-G rafted Membranes are Useful in an Immunodiagnostic 

One of the major uses of specialized, biocompatible membranes in biotechnology is to immobilize one of the 
25 reactants in a clinical diagnostic test as in a heterogeneous ELISA-type assay. See for example, European Patent 
Publication 0 294 105 (Rothman et al.). In this example, it was demonstrated that an aziactone-functionalized mem- 
brane could be used to bind an antibody and that the resulting derivatized membrane could be used in a chromogenic 
ELISA (enzyme linked immunosorbent assay). 

Strips of aziactone-functionalized membranes prepared according to Example 3 above were incubated with con- 
30 tinuous rocking for 17 h at ambient temperature with either human IgG (hIgG in 100 mM NaCI and 100 mM sodium 
phosphate solution, pH 7.25) or bovine serum albumin (BSA), each at 1 .0 mg/ml, in 10 ml of 25 mM sodium phosphate, 
150 mM NaCI, pH 7.5. They were then given several 1 h rinses in buffer, dried, and stored, desiccated, at ambient 
temperature until used. Prior to use, to insure that all aziactone-functional moieties were reacted, membrane discs 
were incubated with 3.0 M ethanolamine and 1 mg/ml BSA, pH 9.0, for 30 min. , rinsed and used in the assay described 
55 below. 

The assay was initiated by incubation of the discs with 10 ug/ml anti-human IgG-HRP (horseradish peroxidase) 
conjugate (Cappel-Worthington, Malvern, PA) for 1 h with continuous rocking. They were rinsed for 4 h, with rocking, 
with PBS-Tween (25 mM sodium phosphate, 0.6% Tween 20, pH 7.5) and transferred to clean test tubes for a chro- 
mogenic HRP substrate, o-phenylenediamine (Sigma Chem. Co.) (3 mM in 100 mM sodium citrate buffer, 0.12 mg 
^0 30% hydrogen peroxide, pH 5.0). The product of the peroxidation forms an orange-colored, partially-insoluble product 
after reaction with 2.5 M H2SO4, Spectrophotometric estimations of the reaction were obtained by transferring 50^1 
of the reaction supernate to a 96-well microtiter plate containing 20 \i\ of 2.5 M H2SO4. Results of absorbance deter- 
minations at 490 nm on a microtiter plate spectrophotometer (Dynatech, Chantilly, VA) are given in Table 8. 

45 Table 8 - 



Comparison of the Binding of Anti-lgG-HRP to Control and IgG-Containing Membranes 




HRP Activity (mA@490/min) 




Sample 


BSA-Treated 


IgG-Treated 


IgG/BSA Ratio 


25% VDM 


98 


451 


4.9 


50% VDM 


60 


201 


3.4 


100% VDM 


41 


199 


5.5 



55 In each case there is considerably more activity associated with the antibody-containing membranes than with the 

BSA controls. 

In this example a 150,000 dalton antibody was immobilized, then complexed with a 200,000 dalton antibody- 
enzyme conjugate. Indicating that there is not a great barrier to working with large protein complexes. 
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Example 12 - Gamma Irradiation Grafting of Hydrophilized Microporous Membrane with VDM and HE MA 

15 preweighed pieces of PE microporous membrane, having a thin shell of poly(vinyl alcohol) prepared according 
to Example 22 of coassigned. copending application 07/775,969 (Gagnon et al.) and PCT Publication WO 92/07899, 

5 except that PE was used instead of PR measuring 7.6 X 20.3 cm, were rolted-up and placed into glass ampules. The 
ampules were evacuated to pressures less than 2 x 10^ mm Hg and the glass necks were melt-sealed to prevent O2 
contamination. Three additional pieces were placed in unseated test tubes. All 18 sample tubes were exposed to 
gamma irradiation for 9.5 hours for a total dose of 38 kGys. The tubes had been placed side-by-side in a large envelope 
which was configured normal to the source, so that they would all be exposed to the same dose. The envelope was 

10 rotated 180"* after about the first 4 hours of irradiation to further ensure that the samples were dosed evenly 

After gamma irradiation, the tubes were placed into a glove bag, which also contained the argon-purged (i.e., O2- 
free) monomer solutions listed in Table 9 below. The glove bag was flushed with argon by 5 inflate/deflate cycles to 
remove as much O2 as possible. Four sealed ampules were broken open, and the film samples within them were 
placed in either pure ethyl acetate (EtOAc), 10 wt/vol % VDM in EtOAc, or 10% VDM/25% HEMA in EtOAc, respectively, 

15 These were allowed to soak for longer than 5 minutes, before being removed from the solution and stored in stoppered 
test tubes. A total of three samples were prepared for each monomer solution. After all reactions were complete, the 
samples were removed from the glove bag and rinsed 3 times in fresh EtOAc to remove excess monomer, and air dried. 

The membranes were analyzed for grafting add-on by weight uptake and by FT-IR spectroscopy. The weight uptake 
data showed that the 10% VDM and 10% VDM/25% HEMA membranes averaged about 0.7 and 1 .0% wt, uptake. The 

20 IR spectra confirmed the wt. uptake data, showing significant absorbance at 1 824 cm'"" for VDM in both the 1 0% VDM 
and 10/25 VDM/HEMA samples. The samples also displayed an absorbance at 1670 cm-\ indicative of partial hydrol- 
ysis of the VDM moiety. An additional absorption peak at 1728 crrv^, for the 10/25 VDM/HEMA samples confirmed the 
incorporation of the HEMA monomer into the grafted copolymer. No 1728 cm-"" peak could be seen in the 25% HEMA 
membranes. The wt. uptake data and the absorbance values for the VDM and HEMA functionalities, normalized to the 

25 PE absorbance peak at 1 462 cm"i . are tabulated below: 



Table 9 



30 



35 







IR ABSORBANCE RATIO 


SAMPLE 


AVE WT% ADD-ON 


1824cm-Vl471cm-i 


1728cm-Vl471cm-i 


Control 


0.000 


0.000 


0.000 


yonly 


0.115 


0.000 


0.000 


Y In air 


0.160 


0.000 


0.000 


Y + EtOAc 


0.160 


0.000 


0.000 


Y+ 10%VDM 


0.718 


0.060 


0.000 


Y+ 10VDM/25HEMA 


1.013 


0.040 


0.120 



Summing the IR absorbance ratios (including the 1670 cm-^ peak) gives an indication of overall add-on. 

40 

Example 13 - E-beam Irradiation Grafting of Hydrophilized Microporous Membrane with VDM and HEMA 

Pre-irradiation e-beam grafting of hydrophilized PE microporous membranes, prepared according to Example 3 
above used the same equipment of Example 1 above, except that modifications were made to the glove box to minimize 
45 presence of O2. /Vn O2 analyzer, installed in the glove box to monitor the O2 concentration during the run, showed that 
these improvements allowed the O2 concentration to be maintained at less than 30 ppm - often as low as 10 ppm. 

Pieces of the membrane were taped to a polyethylene terephthalate (PET) carrier web and passed through an e- 
beam curtain at 6.1 m/min. The e-beam accelerating voltage was set at 150 KeV, and a dose rate of 50 kGys was used 
to irradiate the membranes. The samples came out of the e-beam chamber directly into a N2 purged glove box where 
50 they were immersed in the monomer solution. The inert atmosphere helped to prevent quenching of the generated 
radicals with oxygen. 

The solutions had concentrations (in wt %) VDM and HEMA in ethyl acetate in concentrations listed in Table 10 
below. 

Irradiated membrane samples were soaked in the monomer solution for 24 hours, followed by a three 5 minute 
55 soaks in fresh ethyl acetate in order to wash out excess monomer They were then dried and placed in zip-lock type 
bags to prevent possible hydrolysis of the aziactone by almasphertc water 

The membranes were incubated for 1 6 h with Protein A at 250 ^ig/ml in either 25 mM or 500 mM sodium phosphate 
buffer (pH 7.50) which was supplemented with 150 mM NaCI or 1.5 M sodium sulfate. The results are presented in 
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Table 10. Those experiments performed in the 25 MM buffer are indicated by an asterisk. All results are the averages 
of triplicates. 

Table 10- Effectfl of Grafting HEMA in Combination w ith VDM into PE 
Membranes 



Sample 

'%VDM/HEMAt 


Initial 
Bindina 

/ tin / nrr \ 


SDS 
Reeifltance 

tw 


Coupled 
Binding 






£a Silt 




untreated 




o/lO 


0.81/ 0.97 


Solvent 


11.57/10.29 


21/31 


2.38/ 3.18 


E-beam* 


11.97/ 9.52 


23/30 


2.72/ 2.86 


£— oeam 


lU. D7/XU. J. J 


2 J/41 


2.44/ 3.09 


0/ 2*5* 


0.43/2.02 


27/36 


0.11/0.73 


0/ 6.5* 


0.35/1.41 


28/34 


0.10/0.49 




U* 27/1 • ol 


24/42 


A AC /A f M 

0.0O/0.74 


V/12 • d 


O.oQ/ 3 • 09 


25/38 


0.21/1.45 


n c * 
0/2b* 


U.3U/1.07 


28/32 


0.09/0.36 




0.2o/l.Ul 


24/38 


O.O6/0.38 


10/0* 


4.06/5.14 


29/36 


1.19/1.85 


lO/O 


4.33/7.21 


29/42 


1.25/3.05 


2S/0* 


2.68/3.58 


36/42 


0.95/1.47 


2S/0 


2.73/4.30 


38/49 


1.05/2.11 


50/0 


2.78/3.65 


77/84 


2.14/3.06 


lO/lO 


3.57/ 8.96 


56/61 


2.01/ 7.28 


10/2S* 


2.10/ 9.70 


67/94 


1.52/ 9.10 


10/25 


0.82/15.55 


60/95 


0.49/14.72 


25/2.5* 


2.45/4.53 


54/74 


1.33/3.35 


25/6.25* 


2.69/5.78 


82/89 


2.14/5.11 


25/12.5 


5.10/8.98 


51/78 


2.62/7.01 


25/25 


1.48/9.82 


63/92 


0.93/9.04 


50/10 


1.86/3.30 


69/77 


1.29/2.56 



35 Example 4- UV Initiated VDM Grafting On a Hydrophilized, Microporous Membrane 

A piece of hydrophiltc PE membrane prepared in the same manner as for Example 12 above was soaked with an 
ethyl acetate solution of 25 wt/vol % VDM in ethyl acetate + 0.25% uv initiator azobis(isobutyronitrile) (commercially 
available as Irgacure™ 907 from Ciba Geigy) and then fed into a N2 purged RPL uv treater at 7.6 m/min. set at 21 
40 amp lamp power (310kW/m2). Another sample was treated the same way, except that the monomer solution also 
contained 2.5 wt % crosslinker (neopentylglycol diacrylate, NPGDA). Some evaporation of the monomer solution did 
occur prior to, and during the irradiation. 

IR spectroscopy showed that VDM did indeed become grafted onto the membrane surfaces in both cases. Using 
the ratio of the IR absorbance for VDM at 1824 cm''' to the absorbance of PE at 1462 cm"^ as a measure of VDM add- 
45 on, showed that the sample without the NPGDA had a greater add-on than that with the crosslinker. 

Example 15- Pre-lrradiation EB Grafting onto H-PP Membrane and PE BMP 

Hydrophilic polypropylene (PP) membrane was prepared in the manner according to Example 22 of coassigned, 
50 copending U.S. Patent Application Ser. No. 07/775,969 (Gagnon et al.) published as PCT Publication WO 92/07899. 
PE blown microflber (BMP) web was prepared according to Example 19 of Gagnon et al.),to become a calendared 
BMP nonwoven made from Dow 6808 LLDPE resin at a basis wt. of 94 g/m^. 

All samples of PP membrane and PE BMP nonwoven were irradiated in the manner according to Example 13 
above with 50 kGys of 150 KeV e-beam irradiation prior to immersion in the monomer solutions listed in Table 11 in a 
55 <30 ppm O2 atmosphere. AH monomer solutions, in ethyl acetate, had been purged with argon to remove O2. Reaction 
was allowed to proceed for about 5 minutes prior to removal and rinsing in pure ethyl acetate. 
The table below lists the grafting wt. % add-on, expressed as 
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final wt - initial wt ^ 
initial wt 

for the samples in terms of the monomer solution used. 



Table 11- 



E-beam Grafted VDM on PP Membrane and PE BMP 




WEIGHT PERCENT ADD-ON PP-Membrane PE-BMF 


10% VDM 
25% HEMA 
10/25 VDM/HEMA 


23% 
265% 
215% 


15% 
328% 
136% 



Infrared spectroscopy confirmed that these monomers were indeed incorporated onto the surfaces of these substrates 
as grafted polymers. 

Example 16 - Preparation of and Protein Binding of Plasma VDM-Treated Materials 

Hydrophilized, porous polyethylene (PE) membrane prepared according to Example 12 above was used without 
further treatment. Non-porous films of polypropylene (biaxially oriented, thermally extruded, 0.05 mm thick PP film), 
poly(ethyleneterephthalate) (biaxially oriented, 0.1 mm thick, PET film) and poly(tetrafluoroethylene) (0.05 mm thick 
PTFE film) were used without additional treatment. 

Vinyldimethyl aziactone (VDM) was deposited onto all the film samples simultaneously in a glow discharge. The 
glow discharge depositions occurred in a belljar vacuum system using two parallel plate electrodes (20 cm X 30 cm) 
spaced 5 cm apart. The film samples were placed on the lower electrode (grounded). The materials were subjected 
to a VDH glow discharge at (60 mtorr) 8 Pa VDM pressure with a 15 W discharge power generated at a frequency of 
25 kHz. First one side was treated, then the samples were turned over on the bottom electrode to treat the other side. 
The nominal thickness of the deposition was 70 nm on each side of the samples, as measured by a quartz -crystal- 
microbalance exposed to the discharge during the deposition. 

Alternatively, the film samples were given an initial nitrogen -containing surface by nitrogen discharge prior to VDM 
deposition (noted in Table 12 below as "NA/DM" treatment). Prior to glow discharge deposition the samples were 
treated with bitrogen gas 26,6 Pa (200 mtorr) glow discharge of 15 W (25 kHz) for 10 s. This was followed by the VDM 
treatment as described above. 

Triplicate (8 mm) discs of each material were cut using a standard office paper punch and placed in 2 mL micro 
centrifuge tubes followed by addition of 200 ^lL of the buffer solution containing radioiodlnated Protein A (ranging from 
2200 to 2500 cpm/ug of protein). The chloride buffer consisted of 150 mM NaCI and 500 mM sodium phosphate, pH 
7.5; the sulfate buffer was 1.5 H sodium sulfate and 500 mM sodium phosphate, pH 7.5. The discs were incubated 
with the solutions for 17 h (with continuous rocking) to allow the protein to fully equilibrate throughout the porous 
membrane. The coupling reaction was stopped by addition of 500 uL of 1.0 H ethanolamine (in 25 mH sodium pyro- 
phosphate, pH 9.0), twice for a total of 5 h. After three additional washes with the chloride buffer the discs were trans- 
ferred to another test tube, and the associated radioactivity was determined using a Packard Model 5230 gamma 
radiation detector. 

Protein which was resistant to solubilization by a treatment with the protein denaturant sodium dodecyl sulfate 
(SDS) was operationally defined as "covalently coupled" to the substrate. This treatment was with a 1% SDS solution 
(In 25 mM sodium phosphate buffer, pH 7.5) for 4 h at 37'*C, followed by three washings with the warm SDS solution, 
and re-determination of the amount of associated radioactivity 
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Tftbt? 12 


• The CouDlino of Protein to Plaama-Treated Materialo 


5 






Protsin 
Bindina 


SDS 
Resistance 


Protein 
Coupling 








CI /S9« 






10 


P£ 


Control 

VDM 

N/VDM 


11.2/ 9.5 
7.6/12.0 
7.9/20.6 


33/34 
68/75 
79/83 


3.7/ 3.2 
5.2/ 9.0 
6.2/17.0 




pp 


Control 

VDM 

N/VDM 


0.6/ 0.4 
0.2/ 0.5 
0.9/ 0.7 


21/17 
42/54 
75/69 


0.1/ 0.1 
0.1/ 0.3 
0.7/ 0.5 


15 


PET 


Control 

VDM 

N/VDM 


1.4/ 0.8 
0.5/ 1.4 
0.4/ 1.1 


27/20 
55/70 
62/65 


0.4/ 0.2 
0.3/ 1.0 
0.2/ 0.7 


20 


PTFE 


Control 

VDM 

N/VDM 


0.4/ 0.3 
0.2/ 0.7 
0.3/ 1.2 


22/17 
38/72 
56/76 


0.1/ 0.1 
0.1/ 0.5 
0.2/ 0.9 



Comparing just the Control samples, much more Protein A binds to the PE membrane than to any of the films. 
This is understandable because the membrane has about ten-fold more total surface area than the films. Thus, it is 

2S quite surprising to obsen^e a two-fold increase in the initial binding resulting from the nitrogenA/DM treatment, since 
the nitrogen treatment and VDM deposition do not penetrate substantially into the pores of the membrane. See Example 
19 below. Actual enhancement of protein binding to PE is closer to the 400% observed for the PTFE films, than the 
30% seen with the PET films. Such a high enhancement factor on PE membranes means that one might make a single- 
layer membrane act like a laminated, multi-layered membrane by surface treatment on one side to produce layer A, 

30 followed by treatment on the other side to produce layer C, followed by treatment with an e-beam or other penetrating 
activator to produce layer B. Layers A, B, and C might represent three different grafted monomers, conferring, e.g., 
different hydrophilicities or wettabilities, etc., or, perhaps, the three layers would use the same monomer, e.g., VDM, 
with which three different proteins or other ligands were Immobilized to make, for example, a simple-to-use immuno- 
diagnostic device. 

35 

Example 17 - Preparation of Corona-Treated Azlactone-Functional Supports 

The corona deposition of samples (prepared according to Example 16) was carried out in a belljar system using 
two metal rollers (10 cm diameter, 15 cm long) for electrodes. The grounded electrode was covered with a 2 mm thick 

40 sleeve of silicone rubber and the electrodes were separated by a 1.7 mm gap. The samples were mounted on the 
silicone sleeve using tape. The rollers rotated at 25 rpm causing the samples to be repeatedly exposed to the discharge 
in the region of closest proximity between the two rollers. The belljar was evacuated to remove the air atmosphere and 
backfilled with 13,3 Pa (100 mtorr) VDM and He to a pressure of 1,1 0^ Pa (1 atm). The samples were exposed to a 
250 W corona discharge (40 kHz) for 3 minutes of rotation (approximately 30 s actual exposure to the discharge). 

45 Alternatively, similar to that described in Example 16, the samples were subjected to a nitrogen gas corona treat- 

ment (1 atm) of 250 W (40 kHz) for 1 5 s of rotation (2.5 s of exposure). This was followed by VDM treatment as described 
above. These samples are indicated in Table 1 3 as the NA/DM treatment. 

The protein binding experiments were performed identically to those described in Example 16 except that the 
specific radioactivity of the Protein A was 1300-1700 cpnn/|ig of protein. 



55 



20 



EP 0 644 904 B1 





Table 13 


- The Couolina 


of Protein to 


Corona-Treated 


Materials 


5 


Material 
PE 


Treatment 


Protein 
Binding 
iuQ/cm') 


SDS 
Reeietance 
(%> 


Protein 
Coupling 




Control 

VDM 

N/VDM 


CI / SO, 
13.8/10.5 
14.8/23.0 
12.7/ 8.8 


35/32 
81/86 
78/77 


CI / SO. 

4.8/ 3,3 
12.0/19.8 

9.9/ 6.9 


7a 


PP 


Control 

VDM 

N/VDM 


1.2/ 0.4 
1.9/ 1.0 
2.0/ 1.0 


15/15 
58/40 
66/45 


0.2/ 0.1 
1.1/ 0.4 
1.4/ 0,5 


IS 


PET 


Control 

VDM 

N/VDM 


1.8/ O.B 
1.9/ 0.9 
1.3/ 0.8 


24/19 
49/36 
62/44 


0,4/ 0.2 
0.9/ 0.3 
0.8/ 0.3 




PTFE 


Control 

VDM 

N/VDM 


0.6/ 0.4 
1.5/ 0.8 
1.3/ 1.0 


17/15 
70/57 
72/64 


0.1/ 0.1 
1.0/ 0,5 
1.0/ 0.6 



Corona treatment yields results very similar to those observed in Example 16 with plasma treatment. There are 
differences in the absolute values of some of the numbers, but the general affect is the same: addition of aziactone 
functionality to the surface results in an increase in the amount of coupled protein. In the event that it were desired to 
graft aziactone-functionality to interior surfaces of a porous, pre-existing support, one could shield both electrodes with 
25 silicone rubber sleeves (like that described above) and employ the same corona discharge procedure using helium as 
described In this Example to achieve a penetrating VDM treatment. 

Example 18 - The Preparation of and Protein Binding to Plasma VDM-Treated Porous and Fibrous Substrates 

30 VDM was deposited onto the following materials in a glow discharge procedure as described in Example 16: 

PP blown microfiber web (basis weight of 60 g/m^ and fiber diameter of 5-10 |im) prepared by melt-blowing tech- 
niques disclosed in van Wente et al. "Superfine Thermoplastic Fibers" Industrial Engineering Chemistry, Vol. 48, pages 
1342 et seq. (1956) and van Wente et al. "Manufacture of Superfine Organic Fibers", Report No. 4364 of Naval Re- 
search Laboratories (May 25, 1 954); 

35 Celgard™ microporous polypropylene membrane 2402 (commercially available from Hoechst-Celanese, Char- 

lotte, NC); 

Polyurethane commercially available from Dow Chemical under the tradename "Pellethane 2363-65D". 

Rayon blown microfiber web, such as that used in Micropore^" tape, commercially available from Minnesota Min ing 
and Manufacturing Company; and 
40 The PP film and hydrophilized porous PE membrane treated in the manner described in Example 16. The non- 

porous PP film was also subjected to simultaneous treatment with a combination of VDM and hydroxyethyl methacrylate 
(HEMA) using a glow discharge (50 mtorr VDM, 1 ,33 Pa (10 mtorr) HEMA, 15 W) to deposit a 70 nm coating. 

Protein binding experiments were performed as described in Example 16, except that the blown microfiber web 
and Celgard materials required 0.2% Triton X-100 In order to be thoroughly wetted by the buffer solutions. 
45 The specific radioactivities varied from 5100 to 6500 cpno/^ig of protein. The ethanolamine quenching steps were 

for a total of 3 h. 
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Table 14 


- The Couolina 


Of Prgtein to 


Plasma-Treated 


Materials 






Protein 


SDS 


Protein 






Bindin9 


Resietance 


Coupling 


Mater i a 1 


Treatment 


f LfQ / cm' 1 


(%) 


/cm" ) 










rl / so 


PP 


A ^ M ^ 1 




t>/ 






VDM 


0.17/ 0.77 


23/76 


0.04/ 0.58 




VDH/HEHA 


0.16/ 0.79 


23/80 


0.04/ 0.63 


PE 


Control 


3.50/ 6,48 


45/62 


1.57/ 4.00 




VDM 


J. 77/16.10 


66/91 


1,54/14.71 






0.06/ 0.17 


26/40 


0.02/ 0.07 




VDM 


0.08/ 1.33 


34/91 


0.03/ 1.22 


PU 


Control 


0.30/ 0.33 


29/38 


0.09/ 0.12 




VDM 


0.19/ 0.6B 


47/64 


0.09/ 0.44 


PP/BHF* 


Control 


0.03/ 0.27 


13/15 


0.004/0.04 




VDM 


0.03/ 3.91 


25/93 


0.009/3.65 


Celgard* 


Control 


0.03/ 0.93 


9/18 


0.003/0.17 




VDM 


0.04/ 1.10 


19/68 


0.007/0.75 



• indicated Triton X-100 in protein incubAtion solution 

25 /^zlactone-modificatton of rayon (a cellulose-based synthetic polymer) and PU yield 17-told and four-told protein 

coupling increases, respectively The PP microfiber shows a tremendous hundred-fold increase upon aziactone mod- 
ification. The modification of Celgard polyethylene is especially useful because Celgard polyethylene is often a material 
used to make microporous hollow fiber filtration membranes. Addition of a pleotropic agent such as aziactone to hollow 
fiber membranes would increase their utility many fold. 

30 

Comparison Example 19 - Glow Discharge Treatment Does Not Penetrate into Porous Material 

Two 10 cm X 10 cm pieces of microporous PE membrane, 20 \im thick, prepared according to Example 23 of U. 
S. Pat. No. 4,539,256 (Shipman) were taped together along their edges and placed on the bottom electrode for plasma 

35 glow discharge treatment in the belljar vacuum system according to Example 16. The membrane was treated with a 
glow discharge of VDM (60 mTorr 8 Pa), as described in Example 16. Two samples were prepared, one with a 70 nm 
coating and the other with a 150 nm coating of the VDM-plasma polymer. After treatment, the upper layer of the two- 
layer construction was separated from the lower layer, and analyzed by X-ray photoelectron spectroscopy (XPS). Both 
surfaces of this membrane, the top surface (exposed to the electrical discharge) and the bottom surface (which was 

40 in contact with the lower membrane), were analyzed. 



Table 15- 



45 



so 



XPS Analysis of the External Surfaces of Discharge-Treated 20 ^im Porous Membranes 




Atomic Ratios 


Sample 


O/C 


N/C 


70 nm - top 


0.23 


0.12 


70 nm - bottom 


0.0 


0.0 


150 nm - top 


0.22 


0.12 


1 50 nm - bottom 


0.0 


0.0 



The top surfaces clearly have aziactone-functionality, as evidenced by the oxygen and nitrogen atom content. The 
bottom surfaces of the membranes are untreated PE, with no oxygen or nitrogen present. This demonstrated that the 
electrical-discharge-deposited polymer of VDM does not penetrate appreciably into the pores of the membrane, even 
a very thin membrane and even when very heavily loaded with VDM (as evidenced by the ratios of O and N to C which 
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are very near the theoretical values expected for an "infinitely thick" layer of pure VDM, 0.29 and 0.14, respectively). 
This experiment demonstrated the feasibility of the "multilayered" single membrane devices discussed in Example 16. 

Examples 20-51 -- Crosslin ked Azlactone-functional Coatings on N on woven Polymeric Supports 

5 

Table 16 below shows the results of a series of experiments to prepare crosslinked aziactone-functionat coatings 
on surfaces of nonwoven polymeric supports. The methods of preparation follow Table 16. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
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Table 16 - Azlactone - Functional Cojiti^gff 
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MONOMER FORMUXATION 


NONWOVEN 
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My / 


20 


20t20t60 EGDMA/VDM/HEMA 


REEMAY-2 


93 


21,17 


l\ 


(509 in 400mL IPA) 


REBMAY-1 


68 


1.45 


1 \\ 




PET TB 


86 


11.04 


w 




PET LB 


82 


7.70 


24 




PP OE 


53 


1.77 


25 




PUR 


74 


3.02 


26 




COTTON 


89 


20.53 


27 


80i20 TMPTMA/VDM 


CERSX 


75 


3.70 


28 


SOg in 400inL Hexanes 


PET CW 


65 


2.91 


29 




OOPONT SONTARA 


85 


9.53 


30 




PE/PP-3 


64 


65.20 


31 




PE/PP-10 


37 


16.66 


32 


70:20:10 BA/VDM/THPTMA 


DUPONT SONTARA 


68 


1.43 


33 


(509 in 400mL Hexanes) 


CFZ NYLON 


70 


1.79 


34 




PP 


52 


0.29 


35 




RATON 


73 


2.06 


36 




PP HP 


26 


1.07 


37 


70x20:10 BA/VDM/EGDHA 


DUPONT SONTARA 


81 


2.71 


36 


(509 In 400xnL Hexanes 


CFX NYLON 


69 


2.09 


39 




PP 


33 


0.27 


40 




RAYON 


77 


9.92 


41 




PP NP 


4 


0.23 


42 


70:20:10 lOA/VDM/EGOMA 


DUPONT SONTARA 


66 


1.36 


43 


(5009 in 400mL Hexanes) 


CFX NYLON 


72 


1.37 


44 




PP 


36 


0.21 


45 




RAYON 


75 


1.26 


46 




PP NP 


32 


1.04 


47 


50:20:20:10 


DUPONT SONTARA 


74 


1.19 


48 


ZBKA/BMA/VDM/TMPTMA 


CFX NYLON 


63 


1.27 


49 


(509 in 400inL Hexanes) 


PP 


49 


0.30 


50 




RAYON 


76 


2.49 


51 




PP NP 


34 


2.37 1 



PROTEIN A protein A coupled using 1.5M sulfate in 0.2M sodium 

phosphate buffer 

REEMAY-1 Style 2200 spunbonded polyester from REEMAY of Old 

Hickory, Tennessee 
R£EMAY*2 Style 2295 spunbonded polyester from REEMAY 

DUPONT SONTARA Rayon/polyester (basis wei9ht 135 9/rf from DuPont) 
CBREX Type 23 Nylon 66 (basis wei9ht 34 q/v^) from Fiberweb 

of Simpaonviller S.C. 
PET TB Thermal bonded polyester prepared from CELLBOND 

branded bieomponent fiber (25p fiber diameter) on 

air laid web former from Rando Machine and using air 

circulation oven for binding 
PET LB Air laid polyester bonded with Rohm and Haas branded 

latex 

PP OE Oriented r embossed polypropylene (8/i fiber 

diameter) melt blown according to U.S. Patent No. 
4,988,560 (Meyer et al.) 
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IS 



10 



s 



COTTON 
PET CW 



PUR 



CPS Nylon 
PP NP 



PE/PP-3 



PE/PP-10 



PP 

RAYON 



Melt blown polyurethane <6^ fiber diameter) melt 
blown according to Hente et al. "Superfine 
Thermoplastic Fibers " in Induatrial EnolneerinQ 
ChemiBtrv. Vol- 48, page 1342 et eeq* (1956) 
Spunlaced cotton from Veratec Corporation 
Mechanically laid, embossed polyester having 2 
denier fiber 

Needlepunchedr .air laid polyethylene sheathed 

polyproyene having 3 denier fiber 

Needle punched, air laid polyethylene sheathed 

polypropylene having 10 denier fiber 

Melt blown CFZ nylon copolymer from Allied 

Needlepunched, air laid polypropylene having 205 g/wf 

basis weight 

Air laid polypropylene having 205 g/m^ basis weight 
Needlepunched, air laid rayon having 135 g/m^ baais 
weight 



Examples 20- 20:20:60 EGDMAA^DM/HEMA Coatina on Spunbonded Polyester 

20 A spunbonded polyester sample (REEMAY. style 2200; 15 cm square) was dipped Into a 2-propanol solution of 

20 parts EGDMA, 20 parts VDM and 60 parts HEMA (prepared by dissolving lO.Og EGDMA. lO.Og VDM, 30.0g HEMA, 
and 1.0g Darocure 1173 in 400ml 2-propanol), and then pressed between sheets of polyethylene to remove excess 
solution. After purging the sample with N2 for 3 minutes, the monomer coating was polymerized by exposure, under 
N2, to low intensity UV irradiation for 1 2 minutes. The support was then soaked in 2-propano! for 1 minute and air dried. 

25 Analysis by attenuated total reflectance IR (ATIR) revealed the characteristic aziactone carbonyl absorption at 1820 
cm-^ indicating aziactone incorporation in the polymer coating. SEM analysis of the treated polyester revealed no 
particulates and indicated a uniform coating of the fibers. The aziactone-functional spunbonded polyester support 
coupled 21.17|ig of radiolabeled Protein A per crr^ (measured after SDS treatment). 

30 Examples 21. 23-26 

The nonwoven samples 21 and 23-26 were coated and cured in the same manner as Example 20 except a different 
nonwoven was employed, as identified in Table 16. 

55 Example 22 - 20:20:60 EGDMAA/DM/HEMA Coating on Thermal Bonded Polyester 

The thermal bonded polyester sample (25 ^im thick, 1 5 cm square) was coated and cured in the manner of Example 
1. Analysis of the finished support by ATIR revealed the aziactone carbonyl absorption at 1820 CNt^ SEM analysis 
revealed the coating to be grainy and particulate. The thermal bonded polyester aziactone-functional support coupled 
40 1 1 .04 ^ig of radiolabeled Protein A per cm^ (measured after SDS treatment). 

Example 30 - 80:20 TMPTMAA/DM Coating on Polypropylene 



A polypropylene sample (3 denier, needle punched, 15 cm square) was dipped into a hexane solution of 80:20 



TMPTMAA/DM (prepared by dissolving 40-Og TMPTMA, lO.Og VDM, and I.Og Darocure 1173 in 400mL hexane). 
Excess solution was removed from the web by pressing it between sheets of polyethylene. After purging with N2 for 3 
minutes, the monomer coating was polymerized by exposure under N2, to tow intensity UV irradiation for 13 minutes. 
Because of the thickness of this sample, the web was flipped over, purged, and irradiated for an additional 6 minutes. 
The aziactone-functional support was then rinsed with hexane and air-dried. SEM analysis of the composite revealed 
50 a grainy particulate coating with some agglomerated particles. The Daiwa composite coupled 65.2 \ig of radiolabled 
Protein A per cm^ (measured after SDS treatment). 

Examples 27-29 and 31 

55 The nonwoven samples of Examples 27-29 and 31 (1 5 cm square) were coated and cured in the manner of Example 

30, except that Examples 27-29 were irradiated on one side only for 8-11 min. and Example 31 was irradiated on both 
sides in succession for 7 min each. 
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Examples 32-36 

The non woven samples of Examples 32-36 were dipped Into a hexanes solution of 70 parts BA, 20 parts VDM, 
and 10 parts of TMPTMA, (prepared by dissolving 35.0 g BA, 10.0 g VDM. 5.0 g TMPTMA, and 1 .0 g Darocure 1173 
5 photoinitiator in 400 ml of hexanes) and then were pressed between sheets of polyethylene to remove excess solution. 
After purging with for 3 min., the monomer coating was polymerized by exposure under to low intensity uv 
radiation for 1 0 mins. The aziactone-f unctional supports were soaked and rinsed with hexanes and then dried under N2. 

Examples 37-46 

10 

The nonwoven samples of Examples 37-46 (10 cm square) were coated with a hexanes solution of 70 parts BA, 
20 parts VDM, 10 parts EGDMA. containing 2% Darocure™ 1173 photoinitiator and then cured in the manner of Ex- 
amples 32-36. 

'5 Examples 47-51 

The nonwoven samples of Examples 47-51 (10 cm square) were coated with a hexanes solution of 50 parts IBMA, 
20 parts BMA. 20 parts VDM. 10 parts TMPTMA, containing 2% Darocure^" 1173 and then cured with 12 minutes of 
irradiation in the same manner as Examples 32-36. 

20 

Example 52-- Preparation of Aziactone-Functional Polymethylmethacrylate 

Poly(methylmethacrylate) (PMMA commercially available as Perspex CQ. UV from ICI) buttons were exposed to 
one of several electron beam dosages: grafting at conditions of 10, 20, 30, 50, or 100 kGys discharged at 100 kV in 

25 N2 gas a flow of less than 4 scm/min, at a line speed of 9.2 m/min, with O2 content less than 50 ppm. The activated 
PMMA substrate was immediately transferred into VDM monomer for grafting. The grafting was immediately started 
on the surface of the support. The buttons were washed with VDM monomer and anhydrous ethyl-ether. When the 
activated support was immersed longer (e.g., several hours), in VDM monomer, the VDM-grafted PMMA was dissolved 
in the VDM monomer. Therefore, to minimize dissolution, a heptaneA/DM (75/25 wt.%) solution was substituted for 

30 VDM monomer. It was found that the surface of the button support remained intact. As a control, the PMMA buttons 
were exposed to electron beam only to see how much polymeric chains were degraded by electron beam. Evidence 
of VDM grafting on the PMMA button was confirmed by ATR-FTIR, ""^C NMR and XPS (ESC A). The molecular weight 
distribution cun/e indicated there was no degradation of the polymeric chains of the support at all under the conditions 
of 10 kGys electron beam dose. 

35 

Example 53- AzIactone-f unctional PMMA Prepared and Reacted with Amine-Terminated Heparin. 

PMMA casted film (Perspex, CQ, U V; <0. 1 mm thickness) was exposed to the electron beam in a N2 blanket, and 
then conveyed into the glove box under N2 gas where the activated film was immersed in VDM monomer for twelve 

40 hours at room temperature. The film lost all of its original shape but was not dissolved in the VDM solution. The VDM 
monomer was decanted and the grafted PMMA dissolved In chloroform and precipitated into hexane. This step was 
repeated two times to remove ungrafted VDM monomer. Finally, the azIactone-f unctional PMMA support was dissolved 
in chloroform, casted onto an aluminum plate, and peeled away from the plate to form a thin film for analysis. Trans- 
mission IR spectrum of the grafted PMMA showed there was a strong peak of carbonyl group of VDM at 1820 cnr^ 

45 To prepare amine -terminated heparin, 1 g of heparin (commercially available from Diosynth) was dissolved in 300 

mL of water. 10 mg Sodium Nitrite was added to the solution and adjusted the pH to 2.7 with 1 N hydrochloric acid. The 
solution was adjusted to 7.0 and dialyzed against 3 L of water in 3500 molecular weight cutoff dialysis tubing. The 
solution was concentrated and lyophilized to produce heparin-aldehyde. 

1 g of heparin-aldehyde was dissolved in 100 mL of the buffer solution (1% citrate, 0.9% sodium chloride, pH = 

50 6.5). 0,5 g of ammonium sulfate and 0.25 g of sodium cyanoborohydride were added to the solution and stirred for five 
hours at room temperature. The solution was dialyzed with 3500 molecular weight cut-off dialysis tubing against water. 
The solution was concentrated and lyophilized to produce amine-terminated heparin. 

Then, to react amine-terminated heparin with azIactone-f unctional PMMA, the film prepared according to this ex- 
ample was reacted with a solution of 0.25 g of amine-terminated heparin which was dissolved in 50 mL of buffer solution 

55 (pH = 8.8), and stirred for several hours at room temperature. The heparin ized-film was rinsed with water and dipped 
in 1% solution of toluidine blue (Sigma Chemical) In water for staining. The film stained a violet color within a few 
minutes to show heparin was attached to the film. 
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Example 54- Aziactone-functional PMMA prepared in Heptane 

PMMAcastedfilm (Perspex C.Q./uv f rom ICI; less than 0.1 mm thickness) and a PMMA button (2.75 mm thickness) 
were both exposed to electron beam (lOkGys at 120 kV) in a N2 blanket and then conveyed into the glove box under 
Ng gas where the activated film and the activated button were both immersed in a mixture of heptaneA/DM (75/25 wt. 
%) at room temperature and 45* up to 1 5 hours. After grafting, both forms of the VDM-grafted PMMA were washed 
with anhydrous ethyl-ether. ATR-FTIR spectra of the VDM-grafted PMMA showed there was a strong peak of carbonyl 
group of VDM at 1820 cm*V 

Example 55- Aziactone-functional PMMA Prepared with Corona Discharge 

The corona-discharge assembly of Example 17 above was placed in a glove box filled with N2 gas. PMMA films 
(from ICI and loss than 0. 1 mm thickness) were exposed to corona-discharge in different conditions at 1 50 to 300 watts 
for 0.4-4 seconds exposure discharged at 62 kHz (at 1 50 watts for 0.4 and 4.0 sees. ; at 200 watts for 1 .2 and 4.0 sees. ; 
and at 300 watts for 1 .2 and 4.0 sees. The activated PMMA films were immersed in heptaneA/DM mixture (75/25 wt. 
%) at room temperature for 2 hours. Evidence of VDM grafting was observed by ATR-FTIR. In these instances, there 
was no evidence of molecular weight degradation. From studying these examples 52-55 and the prior examples forming 
biologically active and useful adduet supports, it is possible to convert a hydrophobic PMMA useful as an intraocular 
lens into a hydrophilic PMMA coated with an anticoagulant or other biocompatible hydrophilic and/or biologically active 
material by reaction of aziactone-functional moieties with an anticoagulant or another nucleophile-terminated hy- 
drophilic moiety. 

Example 56- Dispersion Polymerization of Aziactone-Functional Particles in Polyethylene Membranes 

Three microporous PE membranes prepared according to Example 23 of U.S. Patent 4,539,256 (Shipman) and 
one hydrophilized microporous PE membrane prepared according to Example 22 of International Patent US 91/07686, 
each having a size of 15cm X 15em, were each placed on a slightly larger piece of dense PE film and were saturated 
with a solution containing lOg of VDM; lOg of ethylene glycol dimethacrylate (EGDMA); 30 g of 2-hydroxyethylmeth- 
acrylate (HEMA); 1 g of photoinitiator (Darocure 1173 commercially available from E Merck), and 400 ml of isopropyl 
alcohol (net solids of 11.1 wt. %). Another piece of dense PE film was then placed on top of the saturated membrane 
followed by rubbing the "sandwich" construction to remove any excess solution. The sandwich construction was place 
in the bottom of a N2 purged box having a Pyrex brand glass top, and the sandwich construction was irradiated through 
the Pyrex window using two fluorescent UV "black" lights having emissions at a maximum of 360 nm. The three PE 
samples were irradiated for 5 min, 10 min, and 15 min, respectively The hydrophilized PE sample was irradiated for 
10 min. Following irradiation, the sandwich constructions were removed from the box, separated from the PE film 
sheets. Except for the PE sample irradiated for 10 min, which was directly rinsed with isopropyl alcohol, each sample 
was dried and then rinsed with isopropyl alcohol for 10 min. Scanning electron microscopy (SEM) of the surface and 
cross-section of each sample was performed. Except for the hydrophilized PE sample, SEM obsen/ation of cross- 
sections showed numerous particles and particle clusters. Individual particles were seen between 0.4 and 0.8 ^m in 
diameter. However, many particles were also agglomerated into a mass which was large as S^im in diameter. On the 
surface of these samples was a 2-5 iinri thick cake of agglomerated particles having average diameters of about 0.6 
|im, and on the surface of all samples but the PE sample rinsed before drying, there were areas of a dense skin layer 
of about 1-2 ^im thick on the outside surface. The PE sample rinsed directly was skin-free and had many particles 
trapped within the void spaces throughout the membrane cross-section. The hydrophilized PE sample was mostly 
skinned and contained few if any particles within the cross-section. The interior of this membrane appeared to have a 
rough coating on the fibril surfaces. Infrared spectroscopy of the PE sample rinsed directly showed strong absorbances 
at 1822 em-1 and 1671 cm-"* (indicating VDM) and at 1728 cm-i (HEMA and EGDMA) which confirmed the presence 
of cross I inked VDM/HEMA copolymer. 

Example 57- Dispersion Polymerisation of Aziactone-functional Particles in Polypropylene Membrane 

A microporous PP membrane (prepared according to Example 9 of U.S. Pat. No. 4,726,989 (Mrozinski)) was 
treated in the same manner as the hydrophilized PE membrane in Example 55. In this instance, the sample was skin- 
free and had many particles trapped within the void spaces throughout the membrane cross-section. 

Example 57- Dispersion Polymerization of Aziactone-functional Particles with a Stabilizer 

The procedure of Example 55 was repeated with the addition of 2.23 wt./vol % of poly(vinyl pyrrolidone) (PVP K- 
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30 commercially available from EM Sciences) to the monomer mixture of Example 55 and saturated into the pores of 
a PE membrane prepared according to Example 23 of 4,539.256 (Shipman). After irradiation, isopropyl alcohol rinsing 
was employed. For comparison, the same PE membrane was saturated with the mixture of Example 55. Without PVP 
stabilizer, a bimodal distribution of particles measuring about 0.15 ^m in diameter were found within the pores of the 
5 PE membrane with a few 2.0 ^m diameter particles sparsely scattered through the sample. With the PVP present in 
the monomer mixture, the particles were about 0.2-0.5 p.m with no occurrence of the much larger particles. Thus, PVP 
stabilizer improves the particle size distribution particles within void spaces of the PE membrane. 

Examples 58-65- Dispersion Polymerization without Alteration of the Support Beyond Usefulness 

10 

PP membranes samples prepared according to Example 9 of U.S. Pat. No. 4,729,989 (Mrozinski) were used as 
the outer layers in a three layer membrane stack, having a middle layer of a hydrophilized PE membrane prepared 
according to Example 23 of U.S. Pat. No. 4,539,256 (Shipman) and hydrophilized according to Example 22 of copend- 
ing, coassigned application 07/775,969 (Gagnon et al.) The hydrophilized middle layer is denominated the H-PE layer 

'5 The membrane stack was placed upon a piece of dense LDPE film and saturated with a monomer solution of 0.79 
moles VDM, 0.48 moles EDGMA, 0.25 moles HEMA, containing 2% Darocure 1173photoinltiator, dissolved in isopropyl 
alcohol in the amount of percent solids shown in Tables 17 and 18 below, according to their theoretical percent solids. 
Examples 58-61 were the top layer of PP in each sample; Examples 62-65 were the middle layer, H-PE, in each sample. 
(Unmodified controls were also tested.) 

20 After saturation, another piece of dense LDPE film was placed to cover the membrane stack, and the excess 

solution was squeezed out with a rubber roller. The membrane stack and the cover LDPE films were then irradiated 
for 20 minutes with a bank of 4 fluorescent "black lights" having an emission maximum at 360 nm, under ambient 
temperature, pressure, and atmosphere. 

Samples of Examples 58-65 were subjected to BET analysis (using the method described In Example 3 above), 

25 and pore size analysis, Gurley analysis, porosity, and water permeability analysis (using the methods described in PCT 
Publication WO 92/07899 (Gagnon et al.)). The results for surface area are shown in Table 17; the porous property 
results are shown in Table 18. Examples 58-61 show that where distinct dispersion beads develop within the pores of 
the membrane, the surface area Is significantly enhanced. This enhancement is surprisingly obtained without a signif- 
icant decrease of other microporous properties of the membranes, as seen in Table 18. 

50 By contrast, the results of Examples 62-65 show that a coating of crosslinked VDM-co-HEMA Is formed in situ on 

the internal pore surfaces. This is shown by a decrease in specific area/frontal surface area ratio, with the exception 
being Example 65, which had a "lacy" network of crosslinked dispersion beads filling the pores of the middle layer H- 
PE. Also in contrast to particulate additions, coatings of Examples 62-64 served to decrease somewhat the flow through 
properties (see Gurley and water permeability properties) of the membrane, although the pore size, thickness, and 

35 porosity values were not similarly affected beyond usefulness of the aziactone-fu notional support. 
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N POLYMERIZED SAMPLES | 
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Examples 63-65 were also subjected to testing for protein coupling analysis. The samples were tested using ra- 
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dioactively labeled protein A, according to the procedures of Examples 5. 6 and 10 above by Incubating overnight in 
radiolabeled Protein A, buffered with either 1 .5 M sulfate buffer (SO4) or 250 mM phophate buffered saline (PBS), both 
at pH 7.5. After quenching of unreacted aziactone moieties with ethanolamine and repeated rinsing in buffer, scintillation 
counting was done to determine initial binding levels. The samples were then incubated for 4 hours in 1 .0% sodium 
5 dodecylsulfate (SDS), followed by scintillation counting to determine the amount of coupled protein remaining. 
Table 1 9 shows the results. 
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These data show that the addition of aziactone functionality does correlate with an increase in the percent of 
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coupled protein, and that use of sulfate is preferred to use of saline as a buffer system. 

The experiment was repeated for samples of Example 63, except that the experiments were done as a function 
of the time allowed for initial binding. The amount of time ranged from 0.5 hours to 16 hours and resulted in initial 
binding ranging from 21 ^g/cm^ for 0.5 hours to 48.9 iig/cm^ for 16 hours. 

5 The experiment was then repeated for samples of Example 63, except that rather than incubating in the protein A 

solution, the protein A solution was flowed through the aziactone-functional membrane. In this case, ml of a 1 mg/ml 
solution of non -radioactive, S04-buffered protein A solution at pH=7.5 was suctioned through a 25mm disk of the 
aziactone-functional membrane using aspirator vacuum. After three flow-through rinse cycles with PBS buffer solution 
and quenching of possible unreacted aziactone moieties with 6 ml of 1 M ethanolamine (buffered to pH=9 with 25 mM 

10 pyrophosphate), the membrane samples were analyzed for Protein A content using the BCA protocol published by 
Pierce Chemical Co. for BCA Protein Assay Reagent (Cat. No. #3220/23225, Pierce Chemical Co., Rockford. III.), It 
was found that the membranes initially bound an average of 22.3 p.g/ml of protein A using the flow-through mode of 
binding, where the time of exposure to the protein solution was less than about 3 minutes. This amount of initial binding 
was consistent with initial binding levels for Example 63 using a 0.5 hour incubation. The advantage of flow-through 

'5 binding is that binding is not limited by the rate of diffusion of protein into pores of the membrane. Flow-through binding 
also demonstrated that kinetics of initial binding of protein to aziactone moieties is apparently very rapid. 

Examples 66-69- Retained Useful Porous Properties of Aziactone-functional Supports 

20 Membranes were prepared according to Example 3 above, using 50 kGy radiation and 1 0, 1 5. or 20 wt/vol % VDM 

solutions as listed in Table 20 below. Although a significant amount of poly(VDM) was grafted to the membranes, it is 
apparent from measurements of physical properties that no significant change in the physical porous properties oc- 
curred. Most importantly, flow properties were not diminished beyond continued usefulness, of the aziactone-functional 
membranes. 
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The samples of Examples 66-69 were also tested for ability to couple protein A according to the method of Example 
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5 above. The protein was dissolved in either a SO4 or a PBS buffer system as used in Examples 63-65. Table 21 shows 
the results below. 
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These data show that the addition of aziactone functionality does correlate with an increase in coupled protein. Also, 
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the SO4 buffer system was preferred. 

Samples of Example 67 were also tested for rate of binding during incubation binding and flow-through binding 
techniques in the same manner as used for Example 63 above. For the Incubation binding technique, the amount of 
initial binding ranged from 21 .8 \xg/cm^ for 0.5 hours incubation to 37.4 ^ig/cm^ for 1 6 hours of incubation. For the flow- 
through binding technique, the amount of initial binding was an average of 20.4 [ig/ml for a flow-through exposure of 
about 3 minutes. As with Example 63, flow-through binding techniques are preferred and also demonstrate continued 
usefulness of the pre-existing support after aztactone-functionality is added thereto. 

Embodiments of the invention are not limited by the above description and examples. For an appreciation of the 
scope of the invention, the claims follow. 



1. A chemically reactive support, comprising: a porous pre-existing support having outer and interior surfaces and 
azlactone-f unctional moieties contacting only the outer and interior surfaces and rrKxJifying only reactivity of such 
surfaces while retaining useful porosity of the pre-existing support; 

wherein said contacting is selected from the group consisting of chemically grafting the azlactone-f unctional 
moieties to the surfaces, crosslinking the azlactone-f unctional moieties in a coating over the surfaces, and forming 
crossllnked particles of the aziactone-functional moieties in contact with the surfaces. 

2. An adduct support, comprising: a porous chemically reactive support of Claim 1 having aziactone-functionality 
only at outer and interior surfaces of the support and a llgand comprising a nucleophillc reagent reacted with the 
aziactone-functionality. 

3. A method of preparing an aziactone-functional support of Claim 1 , comprising the steps of: 

(a) exposing outer and interior surfaces of a porous pre-existing support with high energy radiation to generate 
free radical reaction sites only on the surfaces and 

(b) causing aziactone-functional moieties to react with the free radical reaction sites to modify chemical reac- 
tivity of the pre-existing support. 

4. A method of preparing an aziactone-functional support of Claim 1 , comprising: 

(a) covering outer and interior surfaces of a porous pre-existing support with aziactone-functional monomers, 
crosslinking monomers, and optionally co-monomers, 

(b) copolymerlzing the monomers to form crossi inked, polymerized, aziactone-functional moieties only at sur- 
faces of the pre-existing support to modify chemical reactivity of the pre-existing support. 

5. The chemically reactive support according to Claim 1 , the adduct support according to Claim 2, or the methods 
according to Claims 3 or 4, wherein the aziactone-functional moieties comprise monomers, prepolymers, oligom- 
ers, or polymers comprising oxazolinone moieties of the formula: 



R1 and R2 independently can be an alkyi group having 1 to 14 carbon atoms, a cycloalkyi group having 3 to 
1 4 carbon atoms, an aryl group having 5 to 1 2 nng atoms, an arenyl group having 6 to 26 carbon atoms and 
0 to 3 S, N, and nonperoxidic O heteroatoms, or R"" and R^ taken together with the carbon to which they are 
joined can form a carbocycllc ring containing 4 to 12 ring atoms, and 
n is an integer 0 or 1 . 



Claims 




wherein 
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6. The chemically reactive support according to Claim 5, the adduct support according to Claim 5, or the methods 
according to Claim 5, wherein the aziactone-functional moieties are derived from 2-alkenyl aziactones comprising: 

2-ethenyl-1 ,3H3xa20lin-5-one, 
5 2-ethenyl-4-methyl-1 ,3-oxazolin-5-one, 

2-isopropenyl-1 ,3-oxazolin-5-one. 

2-isopropenyl-4-methyl-1.3-oxazolin-5-one, 

2-ethenyl-4,4-dimethyl-1,3-oxazolin-5-one, 

2-isopropenyt-4,4-dimethyt-1,3-oxazolin-5-one, 
10 2-ethenyl-4-methyl-4-ethyl-1 ,3-oxazolin-5-one, 

2-isopropeny l-4-methyl-4-butyl-1 , 3-oxazolin-5-one, 

2-ethenyl-4,4-dibutyl-1,3-oxazolin-5-one, 

2-isopropeny I -4-methy I -4-dodecy I- 1,3-oxazol in -5-one, 

2-isopropenyl-4,4-diphenyl-1,3-oxazolin-5-one. 
15 2-isopropeny 1-4, 4-pentamethylene-1 ,3-oxazolin-5-one, 

2-isopropenyl-4,4-tetramethylene-1,3-oxazolin-5-one, 

2-eth eny 1-4,4-diethy I- 1 , 3-oxazolin-5-one, 

2-ethenyl-4-methyl-4-nonyt-1,3-oxazolin-5-one, 

2-isopropenyl-4-methyl-4-pheny!-1,3-oxazo|jn-5-one, 
20 2-lsopropenyl-4-methyl-4-benzyl-1,3-oxazolin-5-one, 

2-ethenyl-4,4-pentamethylene-1,3-oxazolin-5-one, 

2-ethenyl-4,4Hjimethyl-1 ,3-oxazolin-5-one, 2-isopropenyl-4,4-dimethyl-1 ,3-oxazolin-5-one, or combinations 
thereof. 

25 7. The chemically reactive support according to Claim 1, the adduct support according to Claim 2, or the methods 
according to Claims 3 or 4, wherein the porous pre-existing support is a ceramic, glassy, metallic, or polymeric 
material. 

8. The chemically reactive support according to Claim 1 , the adduct support according to Claim 2, or the methods 
30 according to Claims 3 or 4, wherein the pre-existing support is a porous, polymeric material comprising a woven 

web, a nonwoven web, a microporous fiber, or a microporous membrane. 

9. The chemically reactive support according to Claim 1 , the adduct support according to Claim 2, or the methods 
according to Claims 3 or 4, wherein the porous, polymeric material is a polyolefin and wherein the azlactone- 

35 functional moieties are derived from 2-ethenyl-4,4-dimethyl-1 ,3-oxazolin-5-one. 

10. The chemically reactive support according to Claim 1 or the adduct support according to Claim 2, wherein the 
aziactone-functional moieties are grafted to surfaces of the pre-existing support which is a porous, polymeric ma- 
terial. 

40 

11. The chemically reactive support according to Claim 1 or the adduct support according to Claim 2, wherein the 
aziactone-functional moieties are crosslinked in a coating over surfaces of the pre-existing support which is a 
porous, polymeric material. 

45 12. The chemically reactive support according to Claim 1, or the adduct support according to Claim 2, wherein the 
aziactone-functional moieties are crosslinked particles contacting the surfaces of the pre-existing support which 
is a porous, polymeric material. 

13. The method according to Claim 3, further comprising comonomers to copotymerize with aziactone-functional moi- 
50 eties at surfaces of the pre-existing support. 

14. The method according to Claim 3, wherein the high energy radiation penetrates the pre-existing support to generate 
free radical reaction sites at surfaces within the pre-existing support and wherein aziactone-functional moieties 
react with said free radical reaction sites. 

55 

15. The method according to Claim 14, wherein the high energy radiation comprises uv radiation and the method 
further comprises adding a photoinitiator prior to the causing step. 
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16. The method according to Claim 14, wherein the method further comprises generating hydroperoxide functionality 
on the surfaces of the pre-existing support prior to the exposing step, and wherein the high energy radiation com- 
prises heat. 

17. The method according to Claim 3, wherein the high energy radiation comprise plasma discharge or corona dis- 
charge; wherein plasma discharge generates free radical reaction sites at outer surfaces of the pre-existing sup- 
port; and wtierein corona discharge generates free radical reaction sites at outer surfaces using dielectric protection 
over a single electrode or at interior and outer surfaces using dielectric protection over each electrode and using 
a helium atmosphere. 

18. The method according to Claim 4, wherein the crosslinking monomers comprise ethylene glycol dimethylacrylate, 
trimethylolpropane trimethacrylate, methylenebisacrylamide, and divinylbenzene. 

19. The method according to Claim 8, wherein the crossi inked, polymerized aziactone-functional moieties comprise 
a coating on the surfaces of the pre-existing support. 

20. The method according to Claim 8, wherein the crossi inked, polymerized aziactone-functional moieties comprise 
particles contacting surfaces of the pre-existing support. 

21 . The adduct support according to Claim 2, wherein the nucleophilic reagent comprises biologically active materials, 
acids, bases, chelators, hydrophiles, lipophiles. hydrophobes, zwitterions, detergents, or combinations thereof. 

22. The adduct support according to Claim 21, wherein biologically active material comprises substances which are 
biologically, immunochemically, physiologically, or pharmaceutically active and wherein the biologically active ma- 
terial comprises proteins, peptides, polypeptides, antibodies, antigenic substances, enzymes, cofactors, inhibitors, 
lectins, hormones, receptors, coagulation factors, amino acids, histones, vitamins, drugs, cell surface markers, 
substances which interact with them, or combinations thereof. 

23. The adduct support according to Claim 21 , wherein the adduct support is an adsorbant, complexing agent, catalyst, 
or chromatographic article. 

24. The adduct support according to Claim 21 , wherein the adduct support is a mammalian body implant and wherein 
the nucleophilic reagent Is an anticoagulant. 



Patentanspruche 

1 . Chemisch reaktiver Trager, umfassend: einen porosen, bereits vorhandenen Trager mit au3eren und inneren Ober- 
flachen, der Struktureinheiten mit Aziactonfunktionen aufweist, die nur mit den auBeren und inneren Oberflachen 
in Kontakt stehen und nur die Reaktivitat dieser Oberflachen modifizieren, wahrend die nutzliche Porositat des 
bereits vorhandenen Tragers erhalten bleibt, wobel die Bildung des Kontakts aus der Gruppe ausgewahit 1st, die 
aus chemischem Aufpfropfen der Struktureinheiten mit Aziactonfunktionen auf die Oberflachen, Vernetzen der 
Struktureinheiten mit Aziactonfunktionen in einer Beschichtung Qber die Oberflachen und Bilden vernetzter Teil- 
chen aus den Struktureinheiten mit Aziactonfunktionen in Kontakt mit den Oberflachen besteht. 

2. Addukttrager, umfassend: einen porosen, chemisch reaktiven Trager gemaf? Anspruch 1 , der nur auf den auBeren 
und inneren Oberflachen des Tragers Aziactonfunktionen aufweist, sowie einen Liganden, der ein nucleophiles 
Reagens umfaBt, das mit der Aziactonf unktion umgesetzt worden ist. 

3. Verfahren zur Herstellung eines Tragers mit Aziactonfunktionen gemaB Anspruch 1 , umfassend die Schritte: 

(a) Bestrahlen der auBeren und inneren Oberflachen eines porosen, bereits vorhandenen Tragers mit ener- 
giereicher Strahlung, so daB nur auf den Oberflachen radikalische Reaktionsstellen entstehen, und 

(b) Bewirken einer Reaktion zwischen den Struktureinheiten mit Aziactonfunktionen und den radikalischen 
Reaktionsstellen, so daB die chemische Reaktivitat des bereits vorhandenen Tragers modifiziert wird. 

4. Verfahren zur Herstellung eines Tragers mit Aziactonfunktionen gemaB Anspruch 1 , umfassend: 
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(a) Bedecken der auReren und inneren Oberflachen eines porosen, bereits vorhandenen Tragers mit Mono- 
meren mit Aziactonfunktionen. vernetzenden Monomeren und gegebenenfalls Comonomeren; 

(b) Copolymerisieren der Monomere unter Bildung vemetzter, polymerisierter Struktureinheiten mit Aziacton- 
funktionen nur auf den Oberflachen des bereits vorhandenen Tragers, so da3 die chemische Reaktivitat des 
bereits vorhandenen Tragers modifiziert wird. 

Chemlsch reaktiver Trager gemaB Anspruch 1 , Addukttrager gema3 Anspruch 2 oder Verfahren gemaf^ Anspruch 
3 Oder 4, wobei die Struktureinheiten mit Aziactonfunktionen Monomere, Prepolymere, Oligomere oder Polymere 
umfassen, die Oxazolinon -Struktureinheiten der Formal: 



umfassen, wobei und R^ unabhangig eine Alkylgruppe mit 1 bis 14 Kohlenstoffatomen. eine Cycloalkylgruppe 
mit 3 bis 14 Kohlenstoffatomen, eine Arylgruppe mit 5 bis 12 Ringatomen, eine Arenylgruppe mit 6 bis 26 Kohlen- 
stoffatomen und 0 bis 3 S-, N- und nichtperoxidischen O-Heteroatomen sein konnen oder R^ und R2 zusammen 
mit dem Kohlenstoffatom, an das sie gebunden sind, einen carbocyclischen Ring mit 4 bis 12 Kohlenstoffatomen 
bilden konnen und n eine der ganzen Zahlen 0 oder 1 ist. 

Chemlsch reaktiver Trager gemaB Anspruch 5, Addukttrager gemaB Anspruch 5 oder Verfahren gemaB Anspruch 
5, wobei die Struktureinheiten mit Aziactonfunktionen von 2-Alkenylazlactonen abgeleitet sind, die die folgenden 
umfassen: 

2-Ethenyl-1 ,3-oxazolin-5-on, 

2-Ethenyl-4-methyl-1,3-oxazolin-5-on, 

2-lsopropenyl-1 ,3-oxazolin-5-on, 

2-lsopropenyl-4-methyl-1,3-oxazolin-5-on, 

2-Ethenyl-4,4-dimethyl-1,3-oxazolin-5-on, 

2-lsopropeny 1-4,4-dimethy I- 1 , 3-oxazolin-5-on , 

2-Etheny l-4-methy l-4-ethy I- 1 , 3-oxazol in-5-on , 

2-lsopropenyl-4-methyl-4-butyl-1,3-oxazolin-5-on, 

2-Etheny 1-4, 4-dibutyl-1, 3-oxazol in-5-on, 

2-lsopropeny l-4-methyl-4-dodecyl-1,3-oxazolin-5-on, 

2-lsopropenyl-4,4-diphenyl-1,3-oxazolin-5-on, 

2-lsopropenyl-4,4-pentamethylene-1,3-oxazolin-5<>n, 

2-lsopropenyl-4,4-tetramethylene-1,3-oxazolin-5-on, 

2-Ethenyl-4,4-diethyl-1,3-oxazolin-5-on, 

2-Ethenyl-4-methyl-4-nonyl-1,3:Oxazolin-5-on, 

2-lsopropenyl-4-methyl-4-phenyl-1 ,3-oxazolin-5-on, 

2-lsopropenyl-4-methyl-4-benzyl-1,3-oxazolin-5-on, 

2-Ethenyl-4,4-pentamethylene-1,3-oxazolin-5-on, 

2-Etheny 1-4, 4-d imethyt-l , 3-oxazolin-5-on , 

2-lsopropenyl-4,4-dimethyl-1,3-oxazolin-5-on oder Kombinationen davon. 

Chemisch reaktiver Trager gemaB Anspruch 1 , Addukttrager gemaB Anspruch 2 oder Verfahren gemaB Anspruch 
3 Oder 4, wobei es sich bei dem porosen, bereits vorhandenen Trager um ein keramisches, glasartiges, metalll- 
sches Oder polymeres Material handelt. 

Chemisch reaktiver Trager gemaB Anspruch 1 , Addukttrager gemaB Anspruch 2 oder Verfahren gemaB Anspruch 
3 Oder 4, wobei es sich bei dem bereits vorhandenen Trager um ein poroses polymeres Material handelt, das 
einen gewebten Stoff, einen nichtgewebten Stoff. eine mikroporose Faser oder eine mikroporose Membran umfaBt. 
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9. Chemisch reaktiver Trager gema3 Anspruch 1 , Addukttrager gemaR Anspruch 2 oder Verfahren gemaf? Anspruch 
3 Oder 4, wobei das porose polymere Material ein Polyolefin ist und wobei die Struktureinheiten mit Aziactonf unk- 
tionen von 2-Ethenyl-4,4-dimethyl-1,3-oxazolin-5-on abgeleitet sind. 

5 10. Chemisch reaktiver Trager gemaQ Anspruch 1 Oder Addukttrager gemaB Anspruch 2, wobei die Struktureinheiten 
mit Azlactonfunktionen auf Oberflachen des beretts vorhandenen Tragers aufgepfropft sind. bei dem es sich urn 
ein poroses polymeres Material handelt. 

11. Chemisch reaktiver Trager gemaQ Anspruch 1 oder Addukttrager gemaG Anspruch 2, wobei die Struktureinheiten 
10 mit Azlactonfunktionen in einer Beschichtung uber Oberflachen des bereits vorhandenen Tragers vernetzt sind, 

bei dem es sich urn ein poroses polymeres Material handelt. 

12. Chemisch reaktiver Trager gema3 Anspruch 1 oder Addukttrager gema3 Anspruch 2, wobei die Struktureinheiten 
mit Azlactonfunktionen vemetzte Teilchen sind, die mit den Oberflachen des bereits vorhandenen Tragers in Kon- 

15 takt stehen, bei dem es sich um ein poroses polymeres Material handett. 

13. Verfahren gema3 Anspruch 3, das weiterhin Comonomere zum Copolymerisieren mit Struktureinheiten mit Azlac- 
tonfunktionen auf Oberflachen des bereits vorhandenen Tragers umfaQt. 

20 14. Verfahren gemaB Anspruch 3, wobei die energiereiche Strahlung in den bereits vorhandenen Trager eindringt, so 
da3 auf Oberflachen innerhalb des bereits vorhandenen Tragers radikalische Reaktionsstellen entstehen, und 
wobei Struktureinheiten mit Azlactonfunktionen mit den radikalischen Reaktionsstellen reagieren. 

15. Verfahren gema3 Anspruch 14, wobei die energiereiche Strahlung UV-Strahlung umfa3t und das Verfahren wei- 
25 terhin das Hinzufugen eines Photoinitiators vor dem Schritt des Bewirkens umfa3t. 

16. Verfahren gemaB Anspruch 14, wobei das Verfahren weiterhin das Erzeugen von Hydroperoxidfunktionen auf den 
Oberflachen des bereits vorhandenen Tragers vor dem Schritt des Bestrahlens umfaBt und wobei die energiereiche 
Strahlung Warme umfaf3t. 

30 

1 7. Verfahren gemaB Anspruch 3. wobei die energiereiche Strahlung Plasmaentladung oder Koronaentladung umfaBt, 
wobei Plasmaentladung radikalische Reaktionsstellen auf auBeren Oberflachen des bereits vorhandenen Tragers 
erzeugt und wobei Koronaentladung radikalische Reaktionsstellen auf auBeren Oberflachen, wobei ein schutzen- 
des Dielektrikum uber einer einzelnen Elektrode verwendetwird, oder auf inneren und auBeren Oberflachen, wobei 

35 ein schutzendes Dielektrikum uber jeder Elektrode sowie eine Heliumatmosphare verwendet wird, erzeugt. 

18. Verfahren gemaB Anspruch 4, wobei die vernetzenden Monomere Ethylenglycoldimethylacrylat, Trimethylolpro- 
pantrimethacrylat, Methylenbis(acrylamid) und Divinylbenzol umfassen. 

40 19. Verfahren gemaB Anspruch 8, wobei die vernetzten, polymerisierten Struktureinheiten mit Azlactonfunktionen eine 
Beschichtung auf den Oberflachen des bereits vorhandenen Tragers umfassen. 

20. Verfahren gemaB Anspruch 8, wobei die vernetzten, polymerisierten Struktureinheiten mit Azlactonfunktionen Teil- 
chen umfassen, die mit Oberflachen des bereits vorhandenen Tragers in Kontakt stehen. 

45 

21. Addukttrager gemaB Anspruch 2, wobei das nucleophile Reagens biologisch aktive Stoffe, Sauren, Basen. Che- 
latbildner, Hydrophile, Lipophile, Hydrophobe, Zwitterionen, Detergentien oder Kombinationen davon umfaBt. 

22. Addukttrager gemaB Anspruch 21 , wobei die biologisch aktiven Stoffe Substanzen umfassen, die eine biologlsche, 
50 immunchemische, physiologische oder pharmazeutische Wirkung haben, und wobei die biologisch aktiven Stoffe 

Proteine, Peptide, Polypeptide, Antikorper, Antigene, Enzyme, Cofaktoren, Inhibitoren, Lectine, Hormone, Rezep- 
toren, Koagulationsfaktoren, Aminosauren, Histone, Vitamine, Medikamente, Zelloberflachenmarker, mit diesen 
wechselwirkende Substanzen oder Kombinationen davon umfassen. 

55 23. Addukttrager gemaB Anspruch 21 , wobei der Addukttrager ein Adsorbans, ein Komplexierungsmittet, ein Kataly- 
sator Oder ein chromatographischer Artikel ist. 

24. Addukttrager gemaB Anspruch 21, wobei der Addukttrager ein Implantat fur den Korper eines Saugers ist und 
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wobei das nucleophile Reagens ein Anticoagulans ist. 



Revendications 

1. Support chimiquement reactif, comprenant: un support poreux prdexistant pr6sentant des surfaces externes et 
internes et des groupements k fonction azlactone n'6tant en contact qu'avec les surfaces externes et internes et 
ne modifiant que la r6activit6 de ces surfaces tout en conservant la porosity utile du support pr^existant; 

dans lequel ladite mise en contact est chotsie pamni le greffage chimique des groupements k fonction azlactone 
sur les surfaces, la reticulation des groupements k fonction azlactone en une couche recouvrant les surfaces, et 
la formation de part icu les r6ticul6es des groupements k fonction azlactone en contact avec les surfaces. 

2. Support de type adduct, comprenant: un support poreux chimiquement rdactif selon la revendication 1. ne com- 
portant une fonctionnalit6 azlactone qu'aux surfaces externes et internes du support, et un ligand comprenant un 
reactif nucl6ophile ayant r6agi avec la fonctionalite azlactone. 

3. Proc6d6 de fabrication d'un support k fonction azlactone selon la revendication 1 , comprenant les etapes consistant 

(a) expose r les surface externes et internes d'un support poreux pr6existant ^ un rayonnement k haute 6nergie, 
pour n'engendrer des sites de reaction h radicaux libres que sur les surfaces, et 

(b) faire r6agirdes groupements ^fonction azlactone avec les sites de reaction k radicaux libres, pour modifier 
la reactivity chimique du support prdexistant. 

4. Proc6d6 de fabrication d'un support k fonction azlactone selon la revendication 1 , comprenant: 

(a) le recouvrement des surfaces externes et internes d'un support poreux pr6existant avec des monom^res 
k fonction azlactone, des monomeres reticulants et dventuellement des comonom^res, 

(b) la copolymerisation des monomeres pour ne former des groupements k fonction azlactone polymerises, 
reticu!6s, qu'aux surfaces du support pr6existant, pour modifier la r6activit6 chimique du support pr6existant. 

5. Support chimiquement reactif selon la revendication 1 , support de type adduct selon la revendication 2 ou proc6des 
selon la revendication 3 ou 4, dans lesquels les groupements k fonction azlactone comprennent des monomeres, 
prepolym6res, oligomdres ou polymeres comprenant des groupements oxazollnone de formule: 

R' 

N-i-R- 

— c \ai,b 
o-c 

i 

dans laquetle 

et R2 peuvent etre ind^pendamment un groupe alkyle ayant de 1 a 14 atomes de carbone, un groupe 
cycloalkyle ayant de 3 ^ 14 atomes de carbone, un groupe aryle ayant de 5 ^ 12 atomes formant le cycle un 
groupe ar^nyle ayant de 6 ^ 26 atomes de carbone et de 0 ^ 3 heteroatomes de S, N et d'oxygdne non en 
fonction peroxyde, ou R^ et R^, consid6res ensemble avec I'atome de carbone auquel ils sont lids, peuvent 
former un cycle carbocyclique contenant de 4 ^ 12 atomes formant le cycle, et 
n est 6gal ^ 0 ou 1 . 

6. Support chimiquement actif selon la revendication 5, support de type adduct selon la revendication 5, ou proc6d6s 
selon la revendication 5, dans lesquels les groupements k fonction azlactone sont d6riv6s de 2-alc6nyl-azlactones 
comprenant: 

la 2-ethenyl-1 ,3-oxazoline-5-one. 
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la 2-6th6nyl-4-m6thyl-1 .3-oxazoIine-5-one, 

la 2-isoprop6nyl-1 .3-oxa2oline-5-one, 

la 2-lsoprop6nyl-4-m6thyl-1 ,3-oxazoline-5-one, 

la 2-6th6nyl-4,4-dim6thyl-1 ,3-oxazotine-5-one, 

la 2-isoprop6nyI-4,4-dim6thyl-1 ,3-oxa20line-5-one, 

la 2-6th6nyl-4-m6thyl-4-6thyl-1 ,3-oxa2oline-5-on9, 

la 2-isopropenyt-4-m6thyl-4-butyl-1 ,3-oxa2oline-5-one, 

la 2-6th6nyl-4,4-dibutyl-1 ,3-oxazoline-5-one, 

la 2-isoprop6nyl-4-m6thyl-4-dcxl§cyl-1 .3-oxazoline-5-one. 

la 2-isoprop§nyl-4,4-diph6nyl-1 ,3-oxazoline-5-one, 

la 2-lsoprop6nyl-4.4-pentam6thyl6ne-1 .3-oxa2oline-5-one. 

la 2-isopropenyl-4,4-t6tram6thyl6ne-1 ,3-oxazoline-5-one, 

la 2-6th6nyl-4,4-di6thyl-1 ,3-oxazoline-5-one, 

la 2-6th6nyl-4-m6thyl-4-nonyl-1 ,3-oxa2oline-5-one, 

la 2-isoprop6nyl-4-m6thyl-4-ph6nyl-1 ,3-oxazoline-5-one, 

la 2-isoprop6nyl-4-m6thyl-4-benzyl-1 ,3-oxa20line-5-one. 

la 2-eth§nyl-4,4-pentamethyl6ne-1 ,3-oxazoline-5-on9, 

la 2-6th6nyl-4,4-c!innethyl-1 ,3-oxazoline-5-one, 

la 2-isoprop6nyl-4,4-dim6thy!-1 ,3-oxazoline-5-one, 

ou des associations de celles-ci. 

7. Support chimiquement reactif selon la revendication 1, support de type adduct salon la revendication 2, ou pro- 
c6d6s selon la revendication 3 ou 4, dans lesquels !e support poreux pr6existant est une matifere c6ramique, 
vitreuse, m6tallique ou polymdre. 

8. Support chinniquement r6actif selon la revendication 1, support de type adduct selon la revendication 2, ou pro- 
cedes selon la revendication 3 ou 4, dans lesquels le support pr6existant est une matiere polymere poreuse, 
comprenant une bande tissee, une bande non tissee, une fibre microporeuse ou une membrane microporeuse. 

9. Support chimiquement reactif selon la revendication 1, support de type adduct selon la revendication 2, ou pro- 
c^des selon la revendication 3 ou 4, dans lesquels la matiere poreuse est une polyol6fine et dans lesquels les 
groupements ^ fonctlon aziactone sont d6riv6s de la 2-6th6nyl-4,4-dim6thyl-1,3-oxazoline-5-one, 

10. Support chimiquement reactif selon la revendication 1 ou support de type adduct selon la revendication 2, dans 
lesquels les groupements ci fonction aziactone sont greffes sur les surfaces du support preexistant qui est une 
matiere polymfere poreuse. 

11. Support chimiquement reactif selon la revendication 1 ou support de type adduct selon la revendication 2, dans 
lesquels les groupements h fonction aziactone sont reticules en une couche recouvrant des surfaces du support 
pr6existant qui est une matibre polymdre poreuse. 

12. Support chimiquement reactif selon la revendication 1 ou support de type adduct selon la revendication 2, dans 
lesquels les groupements k fonction aziactone sont des particules r6ticul6es en contact avec les surfaces du 
support preexistant qui est une matiere polymdre poreuse. 

13. Proc6d6 selon la revendication 3, comprenant en outre des comonom^res destines k etre copolym^rises avec 
des groupements ^ fonction aziactone au niveau de surfaces du support preexistant. 

14. Proced6 selon la revendication 3, dans lequel le rayonnement ^ haute energie p6n6tre dans le support preexistant 
pour engendrer des sites de reaction k radicaux libres au niveau de surfaces dans le support pr6existant et dans 
lequel des groupements k fonction aziactone r6agissent avec lesdits sites de reaction k radicaux libres. 

15. Proced6 selon la revendication 14, dans lequel le rayonnement k haute 6nergie comprend un rayonnement UV 
et le proc6d6 comprend en outre I'addition d'un photoamorceur avant I'dtape de mise en reaction. 

16. Proc6de selon la revendication 14, caract6ris6 en ce que le proc^d^ comprend en outre la production d'une fonc- 
tionnalite hydroperoxyde sur les surfaces du support preexistant, avant I'etape d'exposition et en ce que le rayon- 
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nement k haute 6nergje comprend la chaleur. 

17. Proc6d6 selon la revendication 3, dans lequel le rayonnement k haute 6nergie comprend una d6charge de plasma 
ou une d§charge en couronne; dans lequel la ddcharge de plasma engendre des sites de reaction k radicaux 
Itbres au niveau des surfaces externes du support prSexistant; et dans lequel la dScharge en couronne engendre 
des sites de reaction k radicaux libres au niveau des surfaces externes en utilisant une protection didlectrique sur 
une seule Electrode, ou au niveau des surfaces internes et externes en utilisant une protection di6lectrique sur 
chaque Electrode, et en utilisant une atmosphere d'h6lium, 

18. Proced6 selon la revendication 4, dans lequel les monom6res r^ticulants comprennent le dimethylacrylate d'6thy- 
l6neglycol, le trimdthacrylate de trim6thylolpropane, le m6thyl6ne-bis-acrylamide et le divinylbenzdne. 

19. Proced6 selon la revendication 8, dans lequel les groupements h fonction aziactone polymerises, reticules, cons- 
tituent un revdtement sur les surfaces du support pr6existant. 

20. Proc6d6 selon la revendication 8, dans lequel les groupements k fonction aziactone polym6ris6s, r6ticul6s, cons- 
tituent des particules en contact avec des surfaces du support pr^existant. 

21. Support de type adduct selon la revendication 2, dans lequel le r6actif nucl6ophile comprend des substances 
biologiquement actives, des acides, des bases, des agents ch6lateurs, des substances hydrophiles, des substan- 
ces lipophiles, des substances hydrophobes, des ions dipolaires, des detergents ou des associations de ceux-ci. 

22. Support de type adduct selon la revendication 21 , dans lequel la substance biologiquement active comprend des 
substances qui sont biologiquement, immunochimiquement, physiologiquement ou pharmaceutiquement actives, 
et dans lequel la substance biologiquement active comprend des prot6ines, des peptides, des polypeptides, des 
anticorps. des substances antig^niques, des enzymes, des cofacteurs, des inhibiteurs, des lectines, des hormo- 
nes, des r6cepteurs, des facteurs de coagulation, des aminoacides, des histones, des vitamines, des medica- 
ments, des marqueurs de surface cellulaire, des substances qui entrent en interaction avec ceux-ci, ou des asso- 
ciations de ceux-ci- 

23. Support de type adduct selon la revendication 21 . caracterise en ce que le support de type adduct est un adsorbent, 
un agent complexant, un catalyse ur ou un article chromatographique. 

24. Support de type adduct selon la revendication 21 , caracteris6 en ce que le support de type adduct est un implant 
sur un organisme mammalien, et en ce que le r^actif nucl6ophile est un anticoagulant. 
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